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English Summary
Recent years has seen increasing attention for the involvement of users as a
source of product innovation. Innovative users, in the form of so-called lead
users, have been shown to be actively engaged in product innovation and their
ideas and solutions often outperform those of in-house engineers and designers.
While lead users are found across a wide variety of product domains, they remain
scarce within many product domains. As a result, the process of locating the
appropriate users as a source of innovation is challenging. Beyond this, it is of
interest to be able to locate users before they have innovated. Given their relative
scarcity and the problems associated with their timely and accurate identification,
it is of interest both to managers, designers and engineers to be able to improve
strategies for lead user identification.
Lead users are different from regular users and are characterised by their
increased degree of expected benefit of finding a solution, which translates to
unmet product needs, combined with their status of being ahead of various
trends. Most importantly, the solutions developed by lead users do not only meet
their own needs, but also the needs of others in the wider market. Several studies
have also pointed to a variety of proxy indicators of lead userness, including their
use experience. Given that persons with disabilities are often confronted with a
variety of unmet product needs, within this thesis we will explore their
appropriateness as a source of product innovation. In doing so, we present a
cohort of users that have thus far received little attention on the user innovation
literature.
To frame this research, we conducted a literature study both on prevalent
approaches and methods within lead user identification, along with highlighting
several examples of mainstream products where persons with disabilities played
a central role. This includes ubiquitous products such as the telephone or
keyboards but can be expanded to personal communication devices and tools for
home automation.
Beyond this, we also review a selection of previous cases where persons with
disabilities were framed as lead users for product development. These cases can
be situated as being both created with a cohort of persons with disabilities in
mind and products intended for a larger market, with different strategies for lead
user location for each intended group.
While our literature studies point to the potential of persons with disabilities,
before more explicitly focussing on disability as a predictor of user innovation, we
first explored whether physical stress is a sufficient proxy of user innovation. We
find that while physical stress can be associated with idea generation, no
significant results are found when controlling for age and gender. Similarly,
solution development cannot be associated with physical stress.
Turning to persons with disabilities, we first evaluated whether the solutions
developed in co-creation with persons with disabilities will meet the needs of the
wider market. We find that more than half of solutions also appeal to persons
without disabilities. This supports the idea that the needs of persons with
disabilities can also be translated to solutions that appeal to others, while also
proposing that designing solutions for persons with a disability first and then
subsequently translating them for a more general market can be a valuable
strategy.
A central question remains whether persons with and without disabilities are
different in their likelihood of solution development and quality of solutions. We
compared the solutions developed between these two groups, finding that
persons with disabilities are both more likely to develop solutions and that their
solutions are also more original and score higher in user value while being
similarly valuable for the general market. All things being equal, these results
propose that focussing on persons with disabilities as a source of innovation is
more likely to result in good solutions than persons without disabilities, when
controlling for age, gender and level of education.
Along with comparing their capacity for innovative behaviour, we also compared
the persons with and without disabilities for their degree of unmet needs and the
impact of solutions on their quality of life. As argued by our literature review,
persons with disabilities are experiencing significantly more unmet needs. Their
solutions also have a significantly higher impact on their quality of life.
We additionally evaluated disability-related characteristics hypothesised as having
an influence on user innovation. We specifically looked at the impact of the
disability on the quality of life (disability influence) and the duration of the
disability. Additionally, we also considered their degree of unmet needs.
We found that the duration of a disability does not significantly impact whether
people are more likely to generate ideas, develop high general value solutions or
ideas of high quality. By contrast, the burden of a disability negatively impacts the
likelihood of developing a high general value solution while being positively
associated with the likelihood of idea generation. In all cases, idea generation
likelihood; likelihood of high general value solutions and idea quality is positively
English Summary 12
associated with unmet needs. Corresponding with previous work in this domain,
we find that higher education is also associated with solution development, idea
generation and ideas of high quality.
Concurrently, we also explored the diffusion of solutions, given its importance as
part of user-driven innovation. We find that solutions that have a high impact on
quality of life will be more likely to be shared, while solutions of high general
value will be shared less likely. Novel solutions are not significantly more likely to
be shared.
Finally, we study whether the involvement of a selected disabled lead user has any
impact on design outcomes. Measured as part of a two-week design assignment,
we find no significant effects on the outcomes, with respect to the solutions
feasibility, user value or originality.




De laatste jaren is er steeds meer aandacht voor de gebruiker als bron van
productinnovatie. Die verhoogde belangstelling steunt op de gedachte dat
innovatieve gebruikers, ook wel lead users genoemd, actief bezig zijn met zowel
het genereren van ideeën als met het vinden van oplossingen. Wetenschappelijk
onderzoek ondersteunt die redenering en stelt dat deze ideeën en oplossingen
vaak beter zijn dan die van professionele ingenieurs en ontwerpers.
Organisaties erkennen daarom het belang van lead users in het
productie-innovatieproces. Toch ervaren vele managers, ontwerpers en
ingenieurs problemen met het tijdig en nauwkeurig identificeren van de juiste
gebruikers als bron van innovatie. Lead users zijn namelijk een schaars goed, ook
al zijn ze in verschillende productdomeinen terug te vinden. Vanuit die schaarste
zijn vele organisaties vragende partij voor meer efficiënte strategieën voor de
identificatie van deze gebruikersgroep.
Lead users verschillen dan ook op verschillende domeinen van een gewone
gebruiker. Zo worden ze, ten eerste, gekenmerkt door een hoog niveau van
onvervulde productbehoeftes. Dit gaat samen met een hoog niveau van verwacht
voordeel voor het vinden van een oplossing. Ten tweede, zijn lead users voorloper
van bepaalde belangrijke trends. Hun oplossingen en ideeën bevredigen niet
enkel hun eigen behoeftes, maar ook die van anderen in de markt. Verschillende
studies verklaren deze ’lead userness’ door te wijzen naar verschillende
proxy-indicatoren, inclusief hun niveau van gebruikservaring.
Aangezien personen met een handicap dagelijks in contact komen met een grote
verscheidenheid aan onvervulde productbehoeften, gaan we in dit proefschrift na
of deze groep een geschikte bron van productinnovatie vormt. We presenteren
hierbij een groep van gebruikers waaraan tot nu toe weinig aandacht is besteed
binnen het domein van innovatie vanuit een gebruiksperspectief.
Om dit onderzoek te kaderen, hebben we eerst een literatuurstudie uitgevoerd.
Hierin brachten we onder meer de gangbare theorieën en methoden voor de
identificatie van lead users in kaart. Verder liet deze studie ons ook toe om enkele
cases te detecteren waarin personen met een beperking een centrale rol hebben
gespeeld tijdens het ontwikkelen van bepaalde producten. Deze cases focussen
op alledaagse producten zoals een telefoon of een toetsenbord, maar ook op meer
persoonlijke communicatieapparatuur of hulpmiddelen voor
thuis-automatisering.
Verder bekijken we ook een selectie van eerdere cases waarin personen met een
beperking werden gepresenteerd als lead users voor productontwikkeling. Deze
cases situeren zich in verschillende productdomeinen. Het grootste deel richt
zich op een groep van personen met een beperking (vooral hulpverlenende
producten). De andere cases focussen zich meer op producten voor een grotere
markt (algemene gebruiksobjecten). De cases tonen aan dat er geen eenduidige
manier van aanpak bestaat: men gebruikt verschillende strategieën voor de
identificatie van lead users.
Hoewel onze literatuurstudie wijzen op het potentieel van personen met een
beperking, hebben we in studie 1 eerst onderzocht of fysieke stress een
determinant is voor gebruikersinnovatie. Uit deze studie vinden we dat fysieke
stress wel kan worden geassocieerd met het genereren van ideeën. Deze relatie is
echter niet meer significant indien we leeftijd en geslacht opnemen als
controlevariabelen. Het ontwikkelen van oplossingen kan dus niet worden
geassocieerd met fysieke stress.
In een tweede studie evalueerden we eerst of de oplossingen die werden
ontwikkeld in co-creatie met personen met een beperking voldoen aan de
behoeften van de bredere markt. We vinden dat meer dan de helft van de
oplossingen ook personen zonder beperking aanspreekt. Dit ondersteunt het
idee dat de behoeften van personen met een beperking ook kunnen worden
vertaald naar oplossingen die aantrekkelijk zijn voor anderen. De resultaten
suggereren ook dat een focus op het ontwerpen van producten voor mensen met
een beperking een waardevolle strategie kan zijn om ze vervolgens te vertalen
voor een algemene markt.
Een centrale vraag blijft echter of personen met of zonder beperking verschillen
in hun capaciteit voor het bedenken van nieuwe producten, en of er een verschil
is in de kwaliteit van de oplossingen. We hebben daarom in studie 3 de
oplossingen van beide groepen vergeleken. De resultaten tonen aan dat mensen
met een beperking vaker oplossingen maken en dat deze oplossingen ook
origineler zijn. Bovendien kennen ze ook een hoger niveau van
gebruikerswaarde. De oplossingen zijn echter niet minder waardevol voor de
algemene markt. Deze resultaten suggereren dat het meer waarschijnlijk is dat
binnen een groep van mensen met een beperking een grote kans bestaat dat men
innovatieve oplossingen hebben gemaakt wanneer gecontroleerd wordt voor
leeftijd, geslacht en opleidingsniveau.
Naast het vergelijken van hun vermogen tot innovatief gedrag, hebben we in deze
studie ook vergeleken of het niveau van product ontevredenheid verschillen bij
mensen met of zonder beperking. Zoals we stelden in ons literatuurstudie,
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ervaren mensen met een beperking significant meer product ontevredenheid.
Hun oplossingen hebben ook een significant hogere impact op hun kwaliteit van
leven.
In studie 4 en 5 hebben daarnaast een aantal kenmerken gerelateerd aan
beperkingen onderzocht op de mate waarin ze een invloed zou hebben op
gebruikersinnovatie. We hebben specifiek gekeken naar de impact van de
beperking op de kwaliteit van het leven en de duur van de beperking. Daarnaast
hebben we ook rekening gehouden met hun mate van onvervulde product
behoeften.
We hebben vastgesteld dat de duur van een beperking geen significante invloed
heeft op de vraag of mensen eerder geneigd zijn om ideeën te genereren,
oplossingen met een hoge algemene waarde te ontwikkelen, of ideeën van hoge
kwaliteit te hebben. Daarentegen heeft de impact van een beperking een negatief
effect op de ontwikkeling van oplossingen van hoge algemene waarde. De impact
van een beperking kan positief worden geassocieerd met de waarschijnlijkheid
dat iemand een idee genereert. In alle gevallen (kans op het genereren van een
idee, waarschijnlijkheid van het maken van een oplossing met een hoge
algemene waarde en kwaliteit van ideeën) is er een positieve associatie met
onvervulde product behoeften. In overeenstemming met de literatuur, zien we
dat hoger onderwijs ook wordt geassocieerd met het ontwikkelen van
oplossingen, het genereren van ideeën en ideeën van hoge kwaliteit.
Tegelijkertijd hebben we in studie 5 ook de diffusie (delen) van oplossingen
onderzocht, gezien het belang ervan als onderdeel van gebruikers gestuurde
innovatie. We vinden dat oplossingen die een grote impact hebben op de kwaliteit
van leven eerder zullen worden gedeeld, terwijl oplossingen met een hoge
algemene waarde minder vaak worden gedeeld. Hoe origineel een oplossing ook
is, het heeft geen impact op hoe vaak een oplossing gedeeld zal worden.
Ten slotte onderzochten we in studie 6 of de betrokkenheid van een geselecteerde
persoon met een beperking als lead user invloed heeft op de uitkomsten van een
ontwerpopdracht. Gemeten als onderdeel van een project van twee weken,
vinden we geen significante effecten op de uitkomsten. We hebben hierin zowel
de haalbaarheid, gebruikerswaarde of originaliteit vergeleken met elkaar.





Origin of this Thesis
This thesis grew from a variety of projects since 2013. Most notably, I was
involved with the user centred design process for the FP7-SME project Range-IT.
The goal was to develop a mobility device for blind and visually impaired persons.
As part of the work, I was fortunate to speak to many blind and visually impaired
people, often in their homes.
It struck me that many of our participants were engaged in some sort of user
driven innovation. These solutions might be very simple, such as attaching a
sticker to the correct settings on the washing machine: by feeling where the
location of the sticker was, the washing machine could be operated without sight.
Or, sticking a small see-through sticker to the top corner of an iPad, allowing
them to know exactly where to touch the screen to perform certain actions.
Solutions could also be more advanced, such as attaching infrared sensors onto a
wheelchair that will beep when an obstacle is close.
These needs, while small in nature, could in turn also be recognisable by many
sighted persons, who might be functionally blind on occasion. An obvious
example would be in the dark, but consider that when driving, the driver should
also be blind to everything except the road ahead. Similarly, a form of self
imposed blindness such as walking and texting is increasingly common and
associated with accidents (Mwakalonge, Siuhi, and White, 2015; Schwebel et al.,
2012).
Not only were our participants actively engaged in solution development, but it
was also clear that their product needs could be at the forefront of particular
technological trends. For example, one person used a light meter to know if they
had their light switched on or off. Being able to switch on the lights and know
that they are on is important because even if they themselves cannot see the light,
having a light on shows - for example - that someone is at home. The ability to
have this information always at hand and be able to remotely switch off the lights-
as might be possible with several recently released wireless internet enabled
lightbulbs - thus solves a real pressing product need. By contrast, for most
consumers switching their lights on and off using their mobile phone is certainly
a nice feature, but far from essential.
In a similar fashion, one particular cocreation session was cancelled: our
participant was unable to leave their home because they could not find their
home keys. Whereas internet enabled door locks are still non-essential niche
products for most consumers, in this case it would solve a real pressing need. In
these cases the person in question did not develop a solution themselves, but
their needs would have been ahead of the trend and they would have been ideal
as idea generators.
Taken together, these anecdotes raised the question whether people with a visual
impairment specifically (and persons with disabilities more generally) might be
valuable sources of innovation, both when looking at the solutions they have
developed themselves, but also considering their ideas for solutions. Additionally,
there are several examples stemming from Universal Design (which will be
discussed more in-depth in chapter 1) that illustrate how taking the needs of
persons with disabilities into account can result in successful products.
Terminology and Framing
Within this thesis, we will thus broadly deal with the role of persons with
disabilities as source of (product) innovation. While chapter 1 will expand more
on terms related to lead users and innovation, it is also important to discuss how
disability is viewed and presented in this thesis. We are aware of the potential
sensitivities associated with the term disability, with some suggesting alternatives
such as ’differently abled’ (Harris, 2001), or ’disAbility’, emphasising ’ability’
(Mackelprang, 2010).
When it comes to this particular discussion, we take the view of Jones (2001) that
the term ’disabled’ acknowledges that a disability can be a disadvantage which
can be mitigated by changing the person’s environment. Additionally, there is a
practical value to the term itself being well understood and used, among others
by supranational organisations such as the United Nations (UN), the World
Health Organization (WHO) and the Organisation for Economic Co-operation
and Development (OECD) (OECD, 2010; United Nations, 2007; World Health
Organization, 2007).
Nonetheless, it is worth examining the different perspectives on how the term
disability itself can be applied. Broadly, we identify two streams of thought,
between ’identity first’ and ’person first’ (Dunn and Andrews, 2015; Leplege et al.,
2007; Mackelprang, 2010). More specifically, as discussed by Dunn and Andrews
(2015), the American Psychological Association (APA) prefers person first
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language (people with disability, person with an amputation, person with visual
impairment, etc.).
According to the APA: ’phrases like ”disabled person” or ”amputee” focus on a
condition more than the person who is affected by it’. They continue to state that
’using phrases like ”person with a disability” and ”individual with an amputation”
emphasises the person and not his or her condition’ (American Psychological
Association (APA), 2017). In sum, the person first approach challenges the
notion that someone is defined by their disability (Dunn and Andrews, 2015).
However, as noted by Mackelprang (2010), this terminology is questioned by
many people within the community of disabled persons, given that a person first
approach ’defines disability as innately pathological’. For example, we do not
refer to women as ’a person with femaleness’ (Mackelprang, 2010). For some,
disability is thus seen as an essential part of their culture and they prefer the
identity first terminology: ’disabled person’ (Brueggemann, 2013). This
perspective on disability would align with the view of ’equating disability with
cultural difference’ (Anastasiou and Kauffman, 2012) or a form of cultural
diversity (Dunn and Hammer, 2014).
Disability as a culture is most accurately highlighted within the deaf community,
where the development of cochlear implants has been met with hostility
(Sparrow, 2005; Tucker, 1998). As told by Padden and Humpfries (2006, ch. 1)
there is a difference between Deaf and deaf, where deaf (lowercase) is used to
denote the condition of deafness, while Deaf indicates membership of the this
cultural group.
Mackelprang (2010) continues to state that the language used can sometimes
present a problem for both practitioners and scholars, with some viewing person
first language as offensive and academic journals rejecting identify first language
out of fear to give offence.
As we hope to convey with this discussion, there is currently no universal
consensus within either the wider community of disabled persons or within
academia, with dissenting voices on both sides (Dunn and Andrews, 2015;
Leplege et al., 2007; Mackelprang, 2010). Since it is beyond the scope of this
thesis to give an answer to this question, we have instead chosen to follow the
recommendation by Dunn and Andrews (2015), who after reviewing the issue
recommended that both disability and identify first use is appropriate in their
given contexts. Writing specifically about the terminology in professional
publication, they recommend following the APA guidelines. This is also favoured
by Mackelprang (2010), who suggest that different terms might be used in
different contexts.
In sum, in this thesis, we will give preference to person first terminology,
referring mostly to persons or people with disabilities. Whenever original quotes
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Figure 1
Representation of the International Classification of Functioning, Disability and Health by
the World Health Organization (2002, p. 9)
are used containing more dated terms such as ’handicapped’, terms will be
quoted as such in their original form.
It is also important to clarify what we understand under the term ’disabled’. Here
we again follow the recommendation from the World Health Organisation
(WHO) who ’emphasises environmental factors in creating disability’ (WHO,
2011, p. 29).
In this sense, a disability is the result of an ’interaction of health conditions with
contextual factors’, which might be personal or environmental. Of most interest
are the environmental factors that impose a disability. These are summarised as
being ’products and technology; the natural and built environment; support and
relationships; attitudes; and services, systems, and policies’ (WHO, 2011, p. 5)
(see figure 1).
This view of disability aligns with the definition of assistive products proposed by
the International Organisation for Standardisation (2016) as: ’any product
(including devices, equipment, instruments and software), especially produced or
generally available, used by or for persons with disability: for participation; to
protect, support, train, measure or substitute for body functions/structures and
activities, or; to prevent impairments, activity limitations or participation
restriction’. Viewed in this way, many products used daily by persons without
disabilities are also assistive in some sort of way.
While the focus of this work is most prominently people with disabilities, we also
refer in several places to older people. Following a recommendation by Falconer
and O’Neill (2007) - based on a Europe wide survey - we give preference to the
term ’older’ or ’senior’, as opposed to terms such as ’elderly’ (see also the
discussion by Spies and Claassen, 2011). This additionally aligns with the
recommendation given by the United Nations (Nations, 2001, pg. 25).
Studies in chapter 4, 5, 6, 7, and 8 (which will be discussed later in more detail),
will include persons who are either 1) physically disabled 2) visually impaired 3)
deaf or hard of hearing 4) suffering from a systemic health condition (Martin,
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Martin, Stumbo, and Morrill, 2011). However, certain examples given in chapter 1
will also include cases of products or systems designed for older persons since
there can be a large overlap in the symptoms. Chapter 3, by contrast explores
physical contextual factors that might impact product satisfaction, drawing on the
principle of contextual disability already discussed.
Finally, we also take a broad interpretation of the word designer, which in this
context can refer to a variety of persons including city planners, architects,
industrial product designers, software engineers, service designer or user
experience designers.
Structure and Style
This thesis is derived from a number of peer-reviewed conference and journal
papers. Where appropriate, citations are given when complete chapters are
sourced from a paper. Some articles are only partially included.
This thesis is presented as a coherent text, rather than a collection of articles. But,
it is also inevitable that some parts will be reused. This is the case because we
also view the individual chapters as focussing on distinct research questions or
hypothesis. For this reason, chapters will often contain a brief review of our
overall study rationale, which is a condensed version of the more extensively
discussed reasoning in chapter 1. Furthermore, some methodological approaches
are also repeated in each chapter.
In relation to this, for the sake of consistency we have given preference to the use
of first person plural pronouns (we as opposed to I) for this entire thesis, even if
individual chapters such as the introduction (chapter 1) and the conclusion
(chapter 9) was not derived from any co-authored published articles.
The studies reported in section II make use of recurring measures and scales.
They are all found in Appendix A on page 241. Some figures have been edited for
stylistic purposes. All original images can be found in Appendix E on page 257.
We have given preference to the British-style spelling, i.e.: using -ise as opposed
to -ize. In relation, we use single quotes when directly referencing others, while
using italics to emphasise words.
Model Diagnostics and use of Welch t-tests
For each chapter, we individually present and discuss our methods and analysis.
But, chapter 3, 5, 6, and 7 all depend on a combination of binary and linear
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regressions. We briefly introduce our rationale for these methods of analysis
along with the details of some model diagnostics here, to prevent repeating these
in each chapter. This does not replace or more extensive methods discussion in
each chapter. We additionally provide our rationale for using Welch t-tests as
opposed to Student’s t-tests throughout this work.
Regressions are useful tools for analysis because they allow us to fit a model
containing several dependent and independent predictors (including control
variables), and assess what the impact of these variables are on our outcome
variables. Of interest is thus determining which predictors to include in any
given model. For example, advances in computing has allowed the creation of
automatic variable selection through forward and backward stepwise selection,
where variables are added to (or removed from) models until the most optimal
model is found (James, Witten, Hastie, and Tibshirani, 2013, pg. 79).
As discussed by Thompson (1995), automatic (or stepwise) model selection is not
recommended, noting that doing so risks over fitting the model, which results in
faulty conclusions about the significance, coefficients and variance explained in
these models. Rather, it is recommended to include factors that are hypothesised
as being predictors, along with any factors that we might want to control, such as
age or gender. Given this, for most analysis, we have taken a hierarchical
approach by first establishing a null-model (or empty model with no predictors)
that can be used to compare any other subsequent models. This is followed by a
model with our control variables (typically age, gender and academic degree),
followed by a model containing our predictors, which will be discussed in each
chapter.
Beyond model selection, it is additionally important to consider our sample size.
General rules of thumb have in the past suggested between 10 and 15 variables
per predictor variable (Peduzzi et al., 1996), with Green arguing that a minimum
of 50 is needed, with 8 additional observations per predictor (Green, 1991). Steps
taken when we violate these recommendations are discussed on a case-by-case
basis. In relation, we also limit our amount of predictor variables per model and
use the same or similar predictors throughout the thesis.
It is also important to diagnose our models. To do so, we turn to a series of model
diagnostics for our full models. First, we perform an analysis of residuals that
deviate two standard deviations in either way from their predicted value (i.e.: ±2).
In all, no more than 5% of cases should deviate (Field, Miles, and Field, 2012, pg.
269).
Similar to deviating residuals, we also examine for influential cases. This is done
through Cook’s distance test, which measures the impact of single cases on the
overall model. If any value is larger than 1, it can be problematic (Field, Miles,
and Field, 2012; Weiser and Brown, 1997).
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A final model diagnostic is an evaluation for multicollinearity. This occurs when
one predictor variable can be accurately predicted linearly from others. We assess
this through the variance inflation factor (VIF). This indicates if two (or more)
variables are too strongly associated. Various rules of thumb have been suggested
in the past for an appropriate VIF cut-off, including 10 (Cohen, Cohen, West, and
Aiken, 2003, pg. 425), while others have taken a more conservative view,
suggesting values of more than 5 as problematic (Hair et al., 1998). We have take
the more conservative end of the spectrum, viewing values higher than 5 as a
cause for concern.
Finally, we take the advice suggested by Delacre, Lakens, and Leys (2017) to use
Welch Two Sample t-tests both when variance is assumed equal or unequal, given
that Welch tests are more appropriate when variance is unequal, but performs the
same when variance is equal. As demonstrated by Delacre, Lakens, and Leys
(2017), Welch two sample t-tests perform well when compared to Student’s
T-tests, even if groups sizes are highly uneven, which is the case for some of our
analysis.
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1.1 Users as Source of Innovation
A traditional view of innovation proposes that a firm’s in-house engineers,
designers and market researchers play a leading role in the design and
development of new products and services for their customers, or users, with
users playing a passive consumption role in this process (von Hippel, Ogawa, and
Jong, 2011).
This mode of innovation is also referred to as the (Schumpeterian -) producer
innovation paradigm (von Hippel, 2016, pg. 4). While the role of designers,
engineers and user researchers remain important within firms, recent years has
also seen the introduction of the ’user as innovator’ paradigm (von Hippel, 2016,
pg. 11), whereby users (not producers) can be seen as a valuable source of new
product ideas and developed solutions (von Hippel, 1976; von Hippel, 1986;
von Hippel, 2005b).
The past four decades have seen many significant efforts to document this
phenomenon across a variety of sectors (Franke, von Hippel, and Schreier, 2006;
Herstatt and von Hippel, 1992; Lüthje, 2004; Tietz, Morrison, Luthje, and
Herstatt, 2005). The assertion that users external to the firm is a source of new
ideas subsequently aligns well with the idea proposed by Chesbrough (2003) that
many successful companies have moved towards an open collaboration model of
innovation, whereby firms are relying on external actors, either in the form of
individual users, communities, or other user-firms (Bogers et al., 2017) as
important source of new product innovation.
Of course, companies have long viewed their customers as a valuable source of
information. A prime example is focus groups that can be used as a tool by
Lead User Characteristic and Sources Product Domain
Trend leadership
Belz and Baumbach (2010) Consumer Foods
Franke and Shah (2003) Sailplaning, Canyoning, Boardercrossing and Cyclists
Franke, von Hippel, and Schreier (2006) Kite Surfing
Lüthje (2004) Outdoor Consumer Goods
Morrison, Roberts, and von Hippel (2000) Online Public Access Catalogs (OPACs)
Urban and von Hippel (1988) Computer Aided Design
von Hippel (1986) High technology industries (general)
High expected benefit
Franke, von Hippel, and Schreier (2006) Kite Surfing
Lüthje (2004) Outdoor Consumer Goods
Urban and von Hippel (1988) Computer Aided Design
von Hippel (1986) High technology industries (general)
Table 1.1
Studies validating the original lead user characteristics within a variety of product domains
marketing researchers to question their users (or customers) about their needs
(McQuarrie, 1986), with the aim of subsequently developing products that appeal
to the market. Beyond this, the user has taken an increasingly central role as part
of the product development cycle, with firms involving users throughout several
stages of the process (Edvardsson, Kristensson, Magnusson, and Sundström,
2012), through efforts such as contextual inquiry, (Holtzblatt and Jones, 1993)
co-design (Sanders and Stappers, 2014; Vaajakallio and Mattelmäki, 2014) or user
testing (Bevan, 2001). Similarly, designers apply a range of user-centered
techniques and methods that aim to better involve end-users during the design
and development of new products or services (Sanders and Stappers, 2008).
However, in his original conceptualisation of the user as innovator, von Hippel
(1986) pointed out that ’most potential users will not have the real-world
experience needed to problem solve and provide accurate data to inquiring
market researchers’, and goes on to suggest that (marketing) managers instead
focus on ’lead users’ as source of innovation. In doing so, von Hippel delineates a
very specific group of users, with very specific user characteristics as potentially
valuable product innovators.
More concretely, he specifies that ’lead users face needs that will be general in a
marketplace — but face them months or years before the bulk of that
marketplace encounters them, and lead users are positioned to benefit
significantly by obtaining a solution to those needs’ (von Hippel, 1986, pg.796).
Lead users are thus not necessarily only framed as research objects for firms to
extract new ideas, but concern a very specific type of user who might not even be
a current or former user of a firms products (Duverger, 2012a).
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The two characteristics introduced by von Hippel have since been validated in
several studies on user-driven innovation (see table 1.1 for an overview). Note also
that while von Hippel (1986) originally illustrated the principle in what he
termed ’high technology fields’ (chemical processes, petroleum processing,
semiconductor manufacturing equipment or scientific instruments), evidence for
the existence of lead users have since been expanded to include several domains,
initially within extreme sports communities (kite surfing, technical divers,
mountain bikers). Significantly, researchers have also illustrated that instances of
user innovation occur in many other domains besides sports and leisure,
including medical equipment, or the hotel service industry (see table 1.2), with
recent studies also focusing explicitly on the household consumer domain
(von Hippel, Ogawa, and Jong, 2011).
How do solutions developed by involving lead users compare with producer
developed solutions? Both Nishikawa, Schreier, and Ogawa (2013) and Lilien
et al. (2002) have respectively analysed the performance of lead user generated
products when compared with designer-generated products. Nishikawa, Schreier,
and Ogawa (2013) conclude that user-generated products at the Japanese
household consumer firm Muji were found to be generally more novel, with sales
from such user-generated products being three times higher than counterparts
developed by designers. These findings echo earlier research by Lilien et al.
(2002, pg. 1055) who illustrated that lead user generated projects within 3M had
’forecast sales in Year 5 that were more than eight times higher than the sales of
the contemporaneously funded projects’.
Along with the assertion by Chesbrough (2003) that external actors can be
valuable sources of product innovation, the results from studies by Lilien et al.
(2002) and Nishikawa, Schreier, and Ogawa (2013) underscore why the ability to
identify lead users efficiently is of great interest to scholars and practitioners.
While these studies thus clearly highlight the benefits of lead user generated
solutions, they fail to illustrate the often costly process through which lead users
are identified (von Hippel, Franke, and Prügl, 2009), given their comparative
scarcity (Schreier and Prügl, 2008). Below, we will discuss the characteristics of
lead users in more depth, also expanding on how they might be identified and the
costs of doing so.
Domain Source
3M (various industrial products) Lilien et al. (2002)
Banking services Oliveira and von Hippel (2011)
Banking services van der Boor, Oliveira, and Veloso (2014)
Boardercrossing, Sailplaning, Canyoning and Handi-
capped cycling
Franke and Shah (2003)
Computer Aided Design Urban and von Hippel (1988)
Computer Games Jeppesen and Molin (2003)
Consumer Electronics (small Kitchen Appliances) Faullant, Schwarz, Krajger, and Breitenecker (2012)
Consumer Foods Belz and Baumbach (2010)
Freestyle Kayaking and Rodeo Hyysalo (2009)
High performance Sailing Raasch, Herstatt, and Lock (2008)
IT Applications Olson and Bakke (2001)
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Domain Source
Kayaking Hienerth and Lettl (2011)
Kitesurfers and Technical Divers Schreier, Oberhauser, and Prügl (2007)
Kitesurfing Franke, von Hippel, and Schreier (2006)
Kitesurfing Tietz, Morrison, Luthje, and Herstatt (2005)
Medical Equipment Technology Lettl, Herstatt, and Gemuenden (2006)
Motorcycles Marchi, Giachetti, and de Gennaro (2011)
Mountain Biking Lüthje, Herstatt, and von Hippel (2005)
Music Equipment Jeppesen and Frederiksen (2006)
Online Public Access Catalogs (OPACs) Morrison, Roberts, and von Hippel (2000)
Outdoor Consumer Goods Lüthje (2004)
Rodeo Kayak Hienerth (2006)
Sailplaners, Technical Divers, Kite Surfers Hienerth (2006)
Sailplaning, Canyoning, Boardercrossing and Handi-
capped Cycling
Franke and Shah (2003)
Service Industry: Hotel, Fast-food, Online Music Down-
loads
Duverger (2012b)
Sport Shoes Piller and Walcher (2006)
Sports (basketball) Online Community Füller, Jawecki, and Mühlbacher (2007)
Sports (soccer) Related Online Services Schuhmacher and Kuester (2012)
Sustainable home energy technologies Hyysalo, Juntunen, and Freeman (2013)
Tennis Dahlin, Taylor, and Fichman (2004)
Table 1.2
Different domains within which lead use studies were conducted
1.2 Lead Users and their Attributes
Referring back to the lead user attributes proposed by von Hippel (1986, p.796),
a typology of users is suggested by Hienerth and Lettl (2017) consisting of four
quadrants, pictured in figure 1.1 (see also Franke, von Hippel, and Schreier,
2006). It measures users along two dimensions: trend leadership and expected
benefit, where trend leadership can be interpreted as the degree to which a
person’s needs are ahead of various market trends, and expected benefit the
degree to which meeting their unmet needs stands to personally benefit a user.
The first group, in quadrant I, with low trend leadership and low expected benefit
contains regular users. They are typically satisfied with existing products.
User innovators, in quadrant II, by contrast, are facing unmet needs. These users
are engaged in some sort of solution development, but these solutions fail to be
of value to a large number of other users. An example of a user innovator would
be a wheelchair user making a small adjustment to his or her wheelchair, without
this adaptation being of value to other people.
Next, users with high trend leadership are typically at the forefront of particular

























Situating Lead Users within a broader user typology, adapted from Hienerth and Lettl
(2017)
or their domain knowledge of a using a product. However, they are not
necessarily engaged in the development of any solutions, or dissatisfied with
what they currently have. These might include knowledgeable domain experts.
Finally, lead users can be found in quadrant IV. They are simultaneously
expecting a significant benefit from their developed solution and their solution is
also of value to a significant number of other users. An elegant illustration of this
principle is found in a study by Franke, von Hippel, and Schreier (2006, pg.311),
finding that the attractiveness of user-developed solutions increase as the user’s
measured expected benefit and trend leadership increases.
The terminology used by Hienerth and Lettl (2017) should not be confused with
the term used by Rogers (2003) in the context of product adoption. When
compared with Rogers (2003) model for diffusion of innovation, lead users as
conceptualised by von Hippel (1986) are not yet on the adoption curve, but rather
precede it. Innovators, in the parlance of Rogers (2003), by contrast, are persons
who are among the very first to adopt a new product or service (also see figure
1.2). As noted by Schreier, Oberhauser, and Prügl (2007), early adoption is rather

















Lead user’s position when compared with Rogers (2003) Innovation Curve. Image adapted
from von Hippel (2005a, p.134)
1.3 Identifying Lead Users
As suggested above, there has been a strong focus on trend leadership and
expected benefit as an expression of lead userness. For example, within the
domain of home appliances, Schweisfurth (2017) asked participants (among
other questions) whether they ’usually find out information about home
appliances before others’ or whether they ’often get irritated about the lack of
sophistication in certain home appliances’.
However, researchers have also focussed on antecedents or proxies of lead users,
in part to ’explain an individual’s lead userness’ or ’as a proxy to identify the rare
species of lead users’ (Schreier and Prügl, 2008, pg. 331). Such antecedents to
lead userness include product-related knowledge (Lüthje, 2004); use experience
(Faullant, Schwarz, Krajger, and Breitenecker, 2012); high product domain
involvement (Schuhmacher and Kuester, 2012) or opinion leadership (Lüthje,
2004) (see table D.1). Once identified, these characteristics can be
operationalised in surveys, allowing lead user identification within a product
domain. Stock, von Hippel, and Gillert (2016) expanded this research by studying
the impact of personality traits on both the likelihood of idea generation, solution
development and innovation diffusion, finding that different personality traits
can be associated with each of these stages.
Hienerth and Lettl (2017) highlight that time plays an important role in the
location and involvement of lead users in new product development. While
looking back in time (i.e.: retrospective lead user identification) allows scholars to
query users about their lead userness and empirically evaluate the impact of lead
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user generated products, it is of limited value to firms hoping to find lead users in
real time.
Of interest, by contrast, is prospective lead user identification (Hienerth and Lettl,
2017). These are users that are currently adhering to the lead user characteristics
and involved in some sort of solution development - the results of which can be of
value to a large number of peers. These users can be aptly referred to as ’living in
the future’ (Bilgram, Brem, and Voigt, 2008, pg. 423).
This distinction between prospective and retrospective lead user studies is
important, because while lead users have been identified across many product
domains (see table 1.2), they remain relatively scarce within particular product
domains. As pointed out by Schreier and Prügl (2008), while domains such as
outdoor sports have comparatively many potential lead users (37%, according to
Lüthje (2004)), within general consumer product domains (i.e.: household
innovation) these numbers are markedly smaller (6.1% in the UK, 5.2% in the
US and 3.7% in Japan respectively (von Hippel, Ogawa, and Jong, 2011)). These
numbers also take into account a very broad range of consumer products and
shares of lead users might be different within one particular sub-domain.
A very illustrative example is a study by De Moor et al. (2014): in a survey for new
ideas for digital tv features among 11802 digital tv users in Belgium a mere 13
unique ideas were identified (<0.01%). As this suggests, the a priori detection of
lead users is challenging, with survey-based instruments often favoured by firms
being potentially costly.
The difficulty of lead user identification is emphasised by many scholars within
the user innovation domain. For example, Soukhoroukova, Spann, and Skiera
(2012, pg. 101), note ’lead users are still difficult to identify in many markets’.
Kratzer, Lettl, Franke, and Gloor (2016, pg. 201) also state that ’integrating lead
users into new product development requires the ability to identify them
effectively and systematically’, with Schreier and Prügl (2008, pg. 332) also
arguing that ’one major challenge in applying the lead-user method has been the
reliable and efficient identification of leading-edge users in the first place’. More
recently Hienerth and Lettl (2017, pg. 6) emphasise that ’effective and efficient
identification of lead users remains a crucial topic’.
There are also general methodological challenges associated with screening for
lead users through surveys. Notably, respondents might suffer from acquiescence
bias (Podsakoff, Mackenzie, Lee, and Podsakoff, 2003), whereby respondents
agree (or disagree) with survey questions, regardless of their content. A further
issue is social desirability bias, whereby participants answer in a way they think is
desirable (Steenkamp, de Jong, and Baumgartner, 2010).
An alternative to screening is ’pyramiding’ (von Hippel, Franke, and Prügl,
2009) which involves locating lead users by asking people to identify others who
– according to them – are more likely to be a lead user. This process is repeated
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until appropriate participants are located. This approach can be compared with
“snowball sampling” (Goodman, 1961), but differs since participants are sought
higher up in the pyramid with respect to certain attributes, as opposed to adjacent
participants. As with mass screening, pyramiding relies on surveying users,
which again introduces potential biases.
Given pyramiding’s similarity with snowballing, it additionally suffers from some
of its drawbacks, including finding the appropriate people to initiate the chain or
verifying participants’ eligibility (Biernacki and Waldorf, 1981). In addition, the
approach remains costly (Moriarty and Bateson, 1982) (for a further critique of
pyramiding, see Kratzer, Lettl, Franke, and Gloor, 2016).
A third emergent approach to lead user identification is the use of social network
analysis, whereby actors who are social bridges between groups meet the
aforementioned lead user characteristics (Belz and Baumbach, 2010; Kratzer and
Lettl, 2008; Kratzer, Lettl, Franke, and Gloor, 2016). As noted by Kratzer, Lettl,
Franke, and Gloor (2016) it is increasingly easy to map the social connectedness
of people in social networks. Nonetheless, despite advances in this domain, the
analysis of online data still entails significant effort (Pajo, Vandevenne, and
Duflou, 2017). These issues are also presented by Bello-Orgaz, Jung, and
Camacho (2016), noting the difficulties associated with extracting data from
social media sources.
In conclusion, the value of lead users as part of a firms product innovation
strategy is well illustrated. Also well understood are the various proxy attributes
that can be used to identify lead users. Despite this, there still remain many
challenges both to scholars and practitioners in their efforts to efficiently identify
lead users before they have innovated, with different challenges associated with
various strategies of lead user identification.
As we have stressed, these issues relate to the comparative scarcity of lead users
and have been highlighted by several researchers in this domain (Hienerth and
Lettl, 2017; Kratzer, Lettl, Franke, and Gloor, 2016; Schreier and Prügl, 2008;
Soukhoroukova, Spann, and Skiera, 2012). Taken together, these highlighted
issues act as an important rationale for considering a cohort of users that might
more readily meet the lead user requirements.
1.4 Applying the Lead User Method
The previous section highlighted the difficulty with lead user identification. An
important additional discussion is exploring how lead users are effectively
involved, and in doing so distinguishing between needs, ideas and, solutions.
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Firstly, the unmet needs can point towards new products, even if the user in
question has not yet devised a solution:’all need statements implicitly or explicitly
contain more or less information about possible solutions to the need at issue’
(von Hippel, 1986; von Hippel, Thomke, and Sonnack, 1999, pg. 802). While
the key challenge remains to find a cohort of people whose needs are ahead of
trend, doing so enables designers to identify and understand a problem that is
not yet apparent to the rest of the market. Commonly used methods such as
more traditional focus groups (McQuarrie, 1986) or contextual inquiry (Kouprie
and Visser, 2009) might be applied, in order to extract valuable information from
lead users, that can subsequently be translated into products.
Secondly, lead users might have ideas for improvements, but have not yet realised
these ideas. This is most apparent when companies apply a crowdsourcing model
(Howe, 2009) to leverage new ideas. As noted by Brem and Bilgram (2015), this
practice has risen in popularity since the 2000’s. Firms typically launch idea
contests, asking users to submit ideas for new products or features. Users are
often offered prizes for the best idea (Schweitzer, Buchinger, Gassmann, and
Obrist, 2012). In particular, studies have also explored which attributes are
associated with idea quality, including proxy measures such as use experience or
intrinsic motivation (Schuhmacher and Kuester, 2012).
Finally, to find innovative solutions, one might directly use or re-use solutions
created by lead users. Existing research has given considerable attention to this
specific type of lead user involvement, in wide-ranging areas such as consumer
goods (von Hippel, Ogawa, and Jong, 2011) or medical equipment (Lettl, Herstatt,
and Gemuenden, 2006).
There are costs associated with consumer-driven innovation (Baldwin and
von Hippel, 2011). Consumers typically also have fewer resources than firms
(Franke and Shah, 2003), and generating an idea is thus correspondingly cheaper
than also building a solution. This is also illustrated by Stock, von Hippel, and
Gillert (2016), who find increasingly fewer persons involved in each successive
step of user-driven innovation, making idea generators more common than
solution developers.
This also illustrates why different types of attributes might be associated with
each of these types of lead user activities or needs. A study by Stock, von Hippel,
and Gillert (2016) underscore this. The authors assessed the impact of certain
personality traits on the likelihood that someone might be active as consumer
innovator. For example, they find that personality traits such as openness to
experience are positively associated with idea generation, but this effect is not
found among solution developers.
While needs, ideas and solutions are thus successively harder to obtain, they
might serve different goals within the product development process. Notably, the
rise of crowdsourcing (Howe, 2009) has raised the prominence of idea
generation by lead users, but is perfectly feasible for designers to considers only
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parts of needs, ideas or solutions. Given this, it is hard to asses the relative
impact of each these efforts individually.
In conclusion, we’ve introduced the principle of user-driven innovation, with
benefits that have been clearly illustrated in previous studies. These results
emphasise the value that user-driven innovation might have. However, while this
bodes well for firms hoping to benefit from user-driven innovation, we have also
introduced a serious impediment, namely timely and efficient identification of
lead user before they have innovated. Below, we will further expand on the
attributes of lead users, while suggesting a cohort of persons - people with
disabilities - that might be of interest as a source of innovation.
1.5 Expected Benefit and the Role of Disability
Recall that von Hippel (1982) suggests that expected benefit acts as a strong
predictor of users being a source of innovation (regardless of the solution’s utility
to others). Actors, whether a user or firm, most in a position to be rewarded for
creating a solution, will thus be more likely to create the solution (Baldwin and
von Hippel, 2011).
This is emphasised when reviewing the predictors of lead userness (see table
D.1). Prominent among these is product dissatisfaction. When products fail to
meet a person’s needs, they will thus be more likely to devise a solution that will
satisfy them. Thus, finding a cohort of persons that are more likely to experience
product dissatisfaction is arguably an efficient pathway towards the location of
lead users, without the need to survey large samples of users. To further explore
this idea, we will review studies on persons with disabilities and product
dissatisfaction.
The foremost reason why persons with disabilities might struggle when using
everyday products is that the designed environment, which might include
physical every-day products, information technology or even public spaces such
as hospitals, have traditionally been primarily designed for ’average’ users
(Emiliani, 2006), who might fall into quadrant 1 of figure 1.1. As such,
divergence from being average potentially introduces difficulties. In response,
products are subsequently later modified to meet the needs of people with
disabilities. A typical example is the modifications made to cars for drivers with
disabilities (Prasad, Hunter, and Hanley, 2006).
This echoes findings by Petersson, Lilja, Hammel, and Kottorp (2008) who
studied the effects of home modifications on the self reported difficulty and safety
of performing a variety of everyday tasks (take medication, do light housework,
preparing food), finding that modifications can have a significant effect on how
comfortable and safe people feel when doing these everyday tasks at home. The
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authors conclude that ’home modifications have a positive impact on self-rated
ability in everyday life’.
Van Steenwinkel, Van Audenhove, and Heylighen (2014) details how one
particular person with early onset dementia applies several coping strategies.
This includes simple things such as clearly ordering her belongings, to
adaptations in the bathroom including a wall-mounted hair dryer, but also
structuring the furniture to allow better wheelchair access.
Persons with disabilities similarly face challenges in the public space. In a study
by Morag, Heylighen, and Pintelon (2016) on navigating hospitals, the authors
conclude that people with disabilities need to overcome a variety of obstacles,
including lack of banisters along routes, or the lack of announcements when
arriving at a particular floor via the elevator. Gray, Gould, and Bickenbach (2003)
also comments on the barriers faced by persons with disabilities in the built
environment, additionally noting that architects view the restrictions imposed by
regulations as ’restricting their creativity’.
These problems are not limited to everyday products or environments. Phillips
and Zhao (1993) studied rates of assistive technology abandonment, finding that
close to a third (29.3%) of assistive devices were completely abandoned. A more
recent study by Federici, Meloni, and Borsci (2016) among people with
disabilities in Italy report that 17.7% of subjects in their survey of assistive
technology users abandoned the devices within seven months. In both these
studies, the authors conclude that abandonment is the result of users’ needs not
being met.
These challenges extend to the use of ICT. In a qualitative study on social network
service use, Lee, Hong, An, and Lee (2014) report that their sample of users with
disabilities found websites to be generally inconvenient to use, while Gonçalves
et al. (2013) reported that among the websites from the Forbes 250 list of largest
companies, levels of accessibility are not satisfactory. Recent work by
themLeitner, Strauss, and Stummer (2016) concurs with these findings. The
authors examined 89 websites across three industries (tourism, financial
services, and information services) concluding that only 12% meet accessibility
requirements. Within the domain of educational ICT products, Foley and Ferri
(2012) also argue that while modern classrooms currently contain a variety of
technological systems to assist learning (digital blackboards or course
management systems) these systems were ’developed with little functional
understanding of disability’, which in turns presents persons with disabilities
with significant challenges when using such systems.
Given that the introduced examples of high levels of product dissatisfaction were
only measured among persons with disabilities, it can be questioned whether
such high levels of dissatisfaction is also present among persons without
disabilities. While we cannot retrospectively compare results, our own work
suggests that there is indeed a significant difference (see figure 5.3 on page 117).
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Overall, these studies thus point to persons with disabilities using a variety of
products and services that are ill-suited to many of their needs, with
correspondingly high levels of (product-) dissatisfaction associated with using
these products. In some product categories, market forces might contribute to
high levels of dissatisfaction (Shapiro, 1993, p.232), which aligns with the
assertion by Lüthje and Herstatt (2004) ’that in markets with rather
heterogeneous needs, many users may remain dissatisfied with the market offers
of the manufacturers’. The challenges faced by persons with disabilities are also
similarly experienced by older people (Rosenberg, Kottorp, Winblad, and Nygard,
2009).
In conclusion, and in accordance with the lead user theory, it could be argued that
people with disabilities will be more likely to engage in some sort of solution
development. However, people with disabilities, while solving their own needs
through solution development, might fail to be trend leaders and as such, are
only developing solutions that are primarily beneficial to themselves and fail to
meet the needs of others, in which case they would more likely be user innovators
as opposed to lead users (Hienerth and Lettl, 2017) (see figure 1.1).
Terminology
Given the various terms used to describe lead users and user innovation, it is
helpful to delineate how we interpret and use these terms. First, with regards to
the potential outcomes of user innovation we make a distinction between three
levels: user needs, ideas generated and solutions developed.
Lead user needs, in first instance, refers to the unmet needs or points of (prod-
uct) pain experienced by lead users. These needs might not have been met by
a developed product, nor might there have been ideas generated to solve these
needs, but understanding and meeting these ahead-of-trend needs could trans-
late to products with commercial appeal.
Generated ideas, subsequently refers to concrete concepts or ideas for new prod-
ucts and services that might solve an unmet need.
Developed solutions, finally denotes materialised (as hardware or software) so-
lutions that are currently in use.
More broadly, following common practice in this domain we have a broad inter-
pretation of source of innovation or users as a source of innovation, innovating
users, meaning that users contribute in some way to product innovation. This
might be through their advanced needs, having ideas or having developed so-
lutions.
Finally, we also distinguish between user innovator and lead users with lead
user driven needs, ideas or solutions appealing to a large audience and user
innovators primarily developing something that appeal to themselves.
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1.6 Ahead of Trend Status of Persons with Disabilities
Before considering how the needs of persons with disabilities might be ahead of
trends, or of value to large markets, we will first provide a brief history of
socio-economic factors that have contributed to a rise in more products that are
more usable and accessible for persons with disabilities. This is followed by
several examples of mainstream products where the needs of people with
disabilities played an important role.
1.6.1 Universal Design
As part of the social movements of the 1960’s, persons with disabilities began
formal and informal organisations, which culminated in more awareness of their
needs (Lawson, 2005; Scotch, 2001, chapter 1). Ultimately, this translated to
various pieces of legislation aimed at increasing access to products and services
for persons with disabilities (Ostroff, 2011; Shapiro, 1993).
For example, legislation both in the European Union and the United States
(European Commission, 2009, p. 25) stipulates that ’reasonable
accommodations’ should be made for persons with disabilities. As a result of
these legislative changes, designers were pushed to more actively consider the
needs of persons with disabilities (Iwarsson, Ståhl, Iwarsson, and Ståhl, 2003).
Concurrently, many industrialised countries have seen their populations age,
resulting in a significant increase in the number of older people (Ostroff, 2011)
(who often have shared needs with persons with disabilities), creating a larger
market for products that meet their specific needs. These trends have resulted in
the principle of universal design, first introduced by Mace (1988, as cited in Imrie
and Luck, 2014) defining it as ’the design of products and environments to be
usable by all people, to the greatest extent possible, without the need for
adaptation or specialized design’. Alternatives to the term include ’inclusive
design’ or ’design for all’ (Heylighen, Van der Linden, and Van Steenwinkel,
2016).
More formal criteria for Universal Design were later defined, most notably in the
form of the Seven Principles of Universal Design (National Disability Authority,
2017; Story, 2010)(see table D.2). These criteria are of interest because their
overarching aim is to make designed artefacts more accessible and easier to use
for everyone (i.e.: a significant market). Indeed, as stated by Story (2010):
’successfully designed universal solutions do not call attention to themselves as
being anything more than easier for everyone to use, which is exactly what they
are’.
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Evoking the emergence of universal design is of interest when exploring the
ahead of trend status of persons with disabilities because it speaks to an
important aspect within this domain: that the needs of people with disabilities can
be translated to products with a mass commercial appeal. By re-imagining an
assistive device as a product with broad appeal, such products can become
mainstream, non-stigmatising products.
As such, for persons with disabilities to be considered lead users, their needs (not
yet felt by the rest of the market) must be able to inform the development of
products that have mainstream appeal (i.e.: of commercial value to a significant
market). A useful framework for exploring user needs is the hierarchy of needs
introduced by Maslow (1943). Maslow proposed five basic human needs: 1)
physiological needs (air, water, food), 2) safety and security (personal safety), 3)
social needs (friendship, communication), 4) esteem (confidence, achievement),
and 5) self-actualization (creativity, art).
While Maslow’s hierarchy is often used in psychology to explore motivation (for
example in Gagné and Deci, 2005), it has also become a useful lens through
which product and design-related needs can be viewed. For instance, Mager
(2008) proposed that design can act to meet a variety of the unmet needs
introduced by Maslow and that ’all needs are at once individually subjective and
culturally specific’. Significantly when considering product needs and disabilities,
Kersten et al. (2000) states that meeting basic needs (such as the need for an
assistive device), might by default meet higher order needs (also see Smith,
McCreadie, and Unsworth, 1995).
For example, while sighted persons have no pressing need in most contexts to
use voice commands when interacting with their mobile phone, the ability for a
visually impaired user to do so meets a wide variety of other needs. Nonetheless,
as evidenced by the rise of personal digital assistants and smart speakers, persons
without disabilities also view the ability to talk to their devices as valuable but are
not reliant on doing so.
To further explore this phenomenon, we will broadly introduce a variety of
products across several domains. First, we have products or inventions initially
developed to meet the needs of persons with disabilities only, but later became
mainstream products. Second, we will discuss a host of successful modern
products aimed both at persons with disabilities and the general market.
1.6.2 Mainstream products rooted in assistive technology
Most prominent in this first category are glasses. Previously classified as assistive
devices, glasses have since become truly mainstream products, shedding their
assistive device association (Pullin, 2009, pg. 5). Far from attempting to hide a
disability, glasses have become an expression of the wearer’s personality and have
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since emerged in some cases as a purely fashionable accessory, worn without
lenses.1
While decorative eyewear might only be a short-term trend, a far more utilitarian
example is the origin of the telephone. As told by Schriempf (2012, pg. 162-163)
’Bell sought to build a hearing aid, and the result was the now-ubiquitous
telephone’. Ironically, while the needs of the deaf were instrumental in his design
of the telephone, its creation was ultimately not suited for people hard of hearing,
increasing the difficulty with which they themselves could participate in the
wider world (Denworth, 2015, ch. 6).
Very similar to the development of the telephone, was the development of the
keyboard. Like the telephone, the keyboard can also be traced back to being
developed most prominently for persons with disabilities and more specifically
for the deaf-blind. Abraham (1980) recounts that 19th-century inventor Charles
Thurber filed a patent for the Mechanical Chirographer in 1843, a device aimed at
assisting the blind to write. Thurber’s invention compares well with Danish
inventor and director of the Døvstummeinstitut in Copenhagen, Rasmus Malling
Hansen’s Writing Ball. Developed in the 1870’s and 1880’s, Hansen’s Writing
Ball aimed at allowing blind people to produce text by touch (Sproat, 2010, ch. 6).
With a circular form factor, it contained an array of buttons that would impress
letters on an underlying piece of paper.2 While neither of these devices (pictured
in figure 1.3) went on to become commercially successful products, they both
contributed to modern typewriters and keyboards.
A far more recent example is that of the Jacuzzi, developed by Candido Jacuzzi to
ease his son Kenneth’s rheumatoid arthritis (Iezzoni and O’Day, 2006, pg. 166).
By using massaging water jets to massage the body, it relieved his son’s pains. Far
from being a rehabilitation device, the Jacuzzi is now considered a high-end
luxury product.
A family of products called Augmentative and Alternative Communication (AAC)
devices are similarly of note in their aim of facilitating communication by people
with disabilities (Alper, 2015). The aforementioned Mechanical Chirographer and
Writing Ball can be considered the first example of such an AAC. They can come
in various forms, from simple cardboard cards with pictures but also expensive
systems that enable text to speech synthesis, such as the system used by late
physicist Stephen Hawking, perhaps the most well-known AAC user.
An early example of an electronic AAC is the Communicator, introduced by US
electronics manufacturer Canon in 1974. It was a portable device with a keyboard
and allowed the user to print out phrases (Beukelman et al., 1981; Moore et al.,
1See for example https://www.trendhunter.com/trends/decorative-eyewear (accessed on 28 September
2017)




Thurber’s Mechanical Chirographer and Rasmus’s Writing Ball
Figure 1.4
The Minimo (Image courtesy of Poule, 2009) speech generating device next to Apple’s iPad
1993). The Communicator was marketed widely and several versions were
introduced in later years.
Another system is the Phonic Ear HandiVoice. Launched in 1978, it allowed
people to input text into a numerical keypad, with the device subsequently
playing the words through a speech synthesiser (Glennen and DeCoste, 1997, p.
60). Similarly, The Vocaid, introduced in 1982, also allowed sound synthesis in a
portable device (Alper, 2015). Another typical example of an AAC is the MiniMo
speech generating device. Through a grid of icons, users can point out certain
phrases on a touch screen, which are then played out loud.
AAC manufacturers have since seen strong competition from Apple in the form
of the iPad and iPhone. A meta-review by Kagohara et al. (2013) conclude that
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Figure 1.5
Home assistants from Google, Amazon and Apple
Apple’s products are usable technological aids for a wide variety of persons with
disabilities, offering users many of the features formerly provided by dedicated
devices.
We can supplement these communication devices with early examples of home
automation systems (Craig, Tran, McIsaac, and Boord, 2005; Toschi, Campos,
and Cugnasca, 2017; Wilson, Hargreaves, and Hauxwell-Baldwin, 2015). These
were initially known as Patient Operated Selector Mechanisms (POSSUM)3 and
developed for polio patients (Treacher and Watson, 1967). More recently, such
systems were termed environmental control systems (Wellings and Unsworth,
1997), which is the modern equivalent of a home automation system.
According to Dickey and Shealey (1987), POSSUMs were ’composed of an
electronic scanner and one or more switches that enable a person with a severe
physical disability to operate electrical appliances’. At the time, such systems thus
took the form of physical switchboards that were connected to several peripheral
devices such as the televisions, radios or lights, enabling the user to manipulate a
host of household appliances from a single seated or lying position, often with
one hand, or manipulation via the mouth.
Later years saw the introduction of similar systems that instead relied on voice
control, such as the Voice Activated Domestic Appliance System (VADAS)
(Summers and Cochrane, 1988). This product similarly enabled the user to
remotely control a variety of appliances by voice.
3See https://www.youtube.com/watch?v=m57ECJVSCAI (accessed on 18 July 2017) for a demonstration of
the earliest Possum systems using a mouth-based suction system that allows people to control the
lights, use a telephone or a typewriter.
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Figure 1.6
OXO (2017a) Good Grips Tongs
1.6.3 Successful products with an inclusive design approach
The variety of introduced products and systems can be subsequently augmented
with cases where the intention was not to develop something purely for persons
with disabilities, but where their needs did take a central role. In these instances
the inclusive design paradigm discussed earlier is leading and the designed
object is itself intended for a broad audience.
First, among these, perhaps the most well known is the OXO GoodGrips kitchen
utensils line (Cagan and Vogel, 2002, pg. 71). Founder Sam Farber credits the
creation of the GoodGrips products with seeing his wife - an arthritis patient -
struggling to use a common vegetable peeler (OXO, 2017b). The result has been
a range of products (see the Good Grips Tongs in figure 1.6) that are easy to hold
and use. While the company explicitly credits the universal design approach as
their founding principle (OXO, 2017b), OXO Good Grips products are also not
marketed or presented as tools for persons with disabilities.
A related example comes from Tupperware. The company’s design director
Morison Cousins reports considering his 86 year old grandmother as the chief
user, noting her difficulty with opening the original containers. As a result, he
redesigned the lids, including a much larger lip on the lid of the bowl, making
them far easier to open (New York Times, 1993; Williamson, 2012). Specifically,
Cousins notes the possibility of opening the One Touch storage canisters ’with an




ease with which these products could subsequently be used by people with
decreased motor-skills also benefits able-bodied people. As shown in figure 1.7
the large handles and lid lips still prominently feature in Tupperware’s design.
Also in the realm of successful household products, Fiskars, a Finnish consumer
goods manufacturer, developed the Fiskars Softouch scissors in 1990, specifically
for older women. The design - which included rubberised tops - reduced strain
while cutting. The Softouch Scissors design language can still be seen in
contemporary products such as the Rotary Cutter (pictured in figure 1.8). As
discussed by Mcadams and Kostovich (2011), the Fiskars cutter is specifically
designed to be easier to use by people with limited hand functioning.
OXO, Tupperware and Fiskars thus all illustrate how inclusively designed
household products can attract mainstream appeal. All three constitute premium
goods in a product category that have largely been commoditised.
These explicitly inclusive designed household products can be augmented with
products where disability informs design. Pullin (2009) introduces several
instances of disability inspired designs in his book Design Meets Disability. This
includes the Tissot Silen-T tactile watch (pg. 98), that enables the wearer to know
the time (without looking) by stroking the edge of the watch face.
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Figure 1.8
Fiskars (2017) Titanium Softgrip® Comfort Loop Rotary Cutter
Pullin also presents the re-introduction of simplified radios, which, while easier
to use for older people or persons with disabilities, also has mainstream appeal.
To illustrate, Designability (2017), a British charity whose aim is to sell easy to
use, inclusively designed assistive technologies, sells the Simple Radio. With
minimal functionality, and large tactile buttons the radio is aimed explicitly for
people with disabilities. This radio can be compared to the popular and iconic
minimal radio by Tivoli Audio (2017), pictured in figure 1.9.
These principles can also be found within ICT related fields. To make content on
the web more accessible, designers can rely on the Web Content Accessibility
Guidelines (WCAG) (Caldwell, Cooper, Reid, and Vanderheiden, 2008). The
guidelines list several requirements that must be considered to make the web
more accessible. Examples include making ’all functionality available from a
keyboard’ or ’Help users avoid and correct mistakes’. As with the seven
principles of universal design (Story, 2010, see table D.2), it is clear that these
guidelines - while speaking prominently to the needs of people with disabilities -
are also of value to the public at large.
To evaluate this empirically, Schmutz, Sonderegger, and Sauer (2016)
implemented the WCAG on a previously non-compliant website and compared
task performance before and after implementation with a selection of
non-disabled users. The authors conclude that WCAG compliance not only led to
better performance as measured by task completion and rate of completion, but
also increased users perceived usability, aesthetics, workload, and trustworthiness
of the evaluated websites.
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Figure 1.9
Simple Music Player from 2L Products (2017) (see also Designability, 2017) and the Model
One from Tivoli Audio, 2017
1.6.4 Universal design and lead users
Given the potential overlap between universal design and lead user-driven
innovation, it is helpful to briefly reflect on how these two concepts compare.
Reviewing the definition of universal design proposed by Mace (1988), it feasible
to suggest that lead users can be the source of a universal design solution. This
particular combination is also discussed by De Couvreur and Goossens (2011),
noting how their approach for community-based design of assistive devices align
with some of the conditions proposed by von Hippel (2007), including incentives
to innovate, voluntary revealing and the ability to compete with commercial
products and dissemination.
As we’ve discussed earlier, work by Hienerth and Lettl (2017) argues for a very
strict reading of lead userness, noting that lead users can only be viewed as such
through their adherence to trend leadership and expected benefit, while
von Hippel (1986, pg. 796) in the original conceptualisation of the concept do
not mention anything explicitly about lead users also being required to actively
materialise something.
This underlines that within lead user studies, a universal design approach might
be applicable, and vice versa. As we will also discuss at length in chapter 2, we
can identify examples where designers choose to select a specific lead user with
the aim of designing a product (often an assistive device, see Wilkinson and De
Angeli, 2014) with a universal design philosophy.
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However, even if there might be an overlap between these two ideas, universally
designed products are not necessarily always lead user sourced. While universal
design often takes a fundamentally user-centered approach to design (Demirbilek
and Demirkan, 2004), it can still remain Schumpeterian in the sense that the
producer is the leading source of innovation, as opposed to the user, which is
inherent to lead user driven innovation (von Hippel, 2016, pg. 4) , even if the
user themselves are not active in the development of a product.
1.6.5 Discussion
The current overview of anecdotal examples have in common that they aim to
meet the needs of people with disabilities, but in doing so they either also spoke to
latent needs of a much larger non-disabled audience, as is the case with Fiskars,
Tupperware or OXO, or evolved to directly or indirectly become influential
mass-produced products, as is the case with the keyboard or the telephone.
This is not to say that these devices or systems were pioneers of aesthetics and
industrial design, or that some of them were even initially very user-friendly.
Rather, as was the case with some AAC devices, they involved behaviours or
interactions by persons with disabilities that later became widespread, such as
mobile typing (in the case of the Canon Communicator).
Perhaps the most striking among these is the evolution of the VADAS (Summers
and Cochrane, 1988), culminating in the home assistants offered by Google,
Apple and Amazon. While these home assistants thus provide features that are
quite novel for consumers (controlling the lights by voice, or asking about the
weather), their functionalities can be viewed as essential for persons with
disabilities. This point is emphasised by Shepherd, Campbell, Renzoni, and
Sloan (2009): reliability of speech generating devices ’is critical for effective use
in everyday life’ [for people with disabilities].4
The British charity AbilityNet, whose aim is to assist persons with disabilities
with the use of technology, recommends the use of these home assistant devices,
noting that their use can be ’fun for everyone’ but that the ’applications for people
with disabilities are obvious’ (Christopherson, 2016). Hennig (2016) shares this
sentiment, noting that the increased availability of natural user interfaces in the
form of home assistants that can be controlled through speech is making
computing more accessible for everyone, but are of clear value to people with
disabilities.
4Recent media attention given to the popularity of Amazon’s Alexa among older and visu-
ally impaired persons would appear to confirm this view: https://www.technologyreview.com/
s/608047/the-octogenarians-who-love-amazons-alexa/ and https://www.theatlantic.com/magazine/
archive/2018/05/what-alexa-taught-my-father/556874/ (both accessed on 18 April 2018)
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What these examples illustrate is not that home automation systems and
speaking digital assistants would not exist without the market pull of persons
with disabilities. Rather, as noted by Alper (2015) ’although disability is often
under-represented in the history of computing, it has played, and continues to
play, a significant role in how computers augment and provide alternatives to
human communication and expression’.
Examining the functionalities of these early devices, we can clearly find evidence
of the notion by Bilgram, Brem, and Voigt (2008) of ’living in the future’. In
reflecting back on Maslow’s hierarchy of needs, finding a solution to these
temporary disabilities is not apparent for people without disabilities. By contrast -
for a person with disabilities - solving these needs present a clear advantage that
can significantly improve their quality of life.
From this perspective, it becomes more apparent that the needs of persons with
disabilities can later become translated into products that represent entirely new
product categories. While consumers have only recently been introduced to a
variety of systems that can speak to them, or be spoken to, such products (and
system interactions) have long been commonplace among persons with
disabilities. These solutions align with the perspective of the May 1974 article in
Industrial Design (as cited in Williamson, 2012) titled The Handicapped Majority
which proposed that everyone experiences some sort of disability, which can
range from not being able to properly open a carton of milk, to being temporarily
blind.
Beyond this, our introductory chapter also raises questions about the positioning
of the lead user in relation to regular users. This work views people with
disabilities as generally leading when compared to persons without disabilities,
but as chapter 5 will illustrate, not all people with disabilities are automatically
lead users. Similarly, people with disabilities might very well be leading when
compared to other persons with disabilities, especially for the design of assistive
devices. Illustrative of this phenomenon is the case study by Franke and Shah
(2003) of one-armed cyclists part of a community of cyclists developing their own
one-handed brake.
1.7 Patient Driven Innovation
Thus far, we have touched on the increased needs of persons with disabilities and
how addressing these needs can inform mainstream products. However, a
majority of these examples followed what von Hippel (2016, p. 11) referred to as
the Schumpeterian producer innovation paradigm. As a result, we have not
examined how persons with disabilities themselves have developed solutions to




The websites Patient Innovation (2017) and Patiens Like Me (2017)
As previously mentioned, the needs of persons with disabilities are extremely
diverse and within such heterogeneous markets, it can be expected that people
are actively engaging in solution development. As with user-driven innovation
more broadly, patient-driven innovation is bourne out of the unmet needs of
patients (Oliveira, Zejnilovic, Canhão, and von Hippel, 2015).
As with the rise of design paradigms such as universal design, there are a variety
of factors contributing to increased attention on patient-driven innovation.
Specifically, Chapter IV of The Alma-Ata declaration (WHO, 1978) stated that
’people have the right and duty to participate individually and collectively in the
planning and implementation of their health care’. From this perspective, there
has been an increased acknowledgement of the role of stakeholders who are not
medically trained in healthcare. Practically it has led to governments codifying
citizenship participation in healthcare into law (de Freitas, 2017).
Zejnilovi, Oliveira, Helena Canhão, and Canhão (2016) propose that two other
factors are also helping increase the interest of patient-driven innovation. First,
technological advances have resulted in people being much more able to find
information about their health, or to connect with peers who experience similar
health issues. We might add technological factors such as open source hardware,
which has additionally helped to lower the development cost of (research-)
equipment (Pearce, 2012). Alongside technological advances, Zejnilovi, Oliveira,
Helena Canhão, and Canhão (2016) also suggest that the rise in healthcare costs
is an important factor that is driving an increased focus on patient-driven
innovation.
Platforms such as Patient-Innovation and Patients Like Me (see figure 1.10)
clearly illustrate how technological advances (both in the form of physical
hardware improvements and the ability to connect with peers) have enabled
patients to share experiences and ideas. An example is one user describing their
modified breaking mechanism for a walker: ’This simple project adds a 3D
printed catch which locks the walker in the folded position. It is sized so that only
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a little pressure is need to latch or unlatch it. It was printed in ABS plastic on the
MakerBot Replicator using 2 shells and 10% infill’.
This particular modification5 can thus be easily made by other patients or
caregivers without expensive tools. The results are widely shared and can be
improved on by others.
Other platforms such as Instructables - where people can document and share
instructions to a variety of Do-It-Yourself (DIY) creations - also contain an
assortment of healthcare solution. For example, one user posts a complete DIY
patient monitoring system.6
Patient-driven innovation might also take the form of coping strategies. For
example, Spyropoulou and Fatah (2009) discuss how patients use tattoos to
camouflage their scars, which otherwise would have had to be covered by
relatively expensive dermatography. These coping strategies align well with the
call from Allarakhia (2015) to the biopharmaceutical industry to pay more
attention to the strategies used by patients to manage their disease, specifically
mentioning the value of engaging lead patients. More broadly, according to
Zejnilovi, Oliveira, Helena Canhão, and Canhão (2016) the ’experiential
knowledge’ of patients, along with their solutions, act to advance healthcare.
Oliveira, Zejnilovic, Canhão, and von Hippel (2015) performed a study to assess
the degree to which patients are involved in developing their own solutions,
illustrating that more than half of the patients in their sample are engaged in
some sort of solution development to manage their disease. Out of the sample,
8% were making novel solutions. Participants also reported a significant increase
in self-reported quality of life as a result of their solutions. Examples include a
turtle collar that absorbs excess saliva of a child with cerebral palsy, or a tool that
enables the patient to button their pants autonomously.
We conclude with some thoughts on whether persons with disabilities should be
interpreted as patients and how this work relates to patient-driven innovation.
First, there is an inevitable overlap in some cases between disability and chronic
disease. This will most notably be the case for persons with a systemic health
condition. Nonetheless, we find the descriptor patient to be too narrow. As we
have discussed in our preface (see page 22), disability is an interaction between
health and the environment and someone is only experiencing a disability as a
result of certain contextual factors.
Beyond this, as chapters 4, 6 and 7 will illustrate, the types of needs, ideas and
solutions experienced and created by persons with disabilities are more often
5See https://patient-innovation.com/post/661 (accessed on 4 July 2017) and http://www.
instructables.com/id/Mod-a-walker-for-easier-transport/ (accessed on 4 July 2017) for more
details.
6See http://www.instructables.com/id/Real-Time-Patient-Monitoring-System/ (accessed on 15 July
2016)
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than not beyond the realm of healthcare. This stands in contrast with the work
performed within patient-driven innovation, where the focus is explicitly on the
development of solutions for health, care and medicine, including strategies cope
with various disease (Oliveira, Zejnilovic, Canhão, and von Hippel, 2015; Torous
and Roux, 2017; Zejnilovi, Oliveira, Helena Canhão, and Canhão, 2016).
1.8 Conclusion
In this chapter, we introduced the principle of users as a source of product
innovation, or lead users. Additionally, we’ve discussed the characteristics of lead
users, including a variety of proxy attributes that are commonly used to identify
them.
Centrally, we have also emphasised a significant problem with user driven
innovation, namely the costs associated with identifying lead users before they
have innovated. While strategies such as pyramiding, social network analysis or
large-scale screening have all been used to find innovating users, these
approaches have simultaneously been criticised for their effectiveness, with lead
user identification remaining an important topic of research within this domain
(Hienerth and Lettl, 2017; Kratzer, Lettl, Franke, and Gloor, 2016; Schreier and
Prügl, 2008; Soukhoroukova, Spann, and Skiera, 2012).
As we’ve argued, there is a reasonable expectation that persons with disabilities
are actively engaged in the development of a variety of products, simply because
they are currently not always satisfied with market offerings. Following the
taxonomy introduced earlier by Hienerth and Lettl (2017), doing so would classify
them as being user innovators whose solutions have limited appeal to a broad
audience.
But, as subsequently introduced, satisfying many of the needs of persons with
disabilities that were initially not met by the market has resulted in a variety of
innovative mainstream products. These products were not created by persons
with disabilities themselves in most cases, but without the identification of their
needs, the development of these products would have been less apparent.
These two factors together do not yet illustrate that persons with disabilities are
indeed more likely to be lead users, who are themselves actively engaged in the
development of new products. Nonetheless, we also find that among persons
with disabilities (in the form of patient-driven innovation) there is a reasonable
expectation that users are actively developing a variety of solutions. Also here, the




We conclude with an overview of the remainder of this thesis, presenting our
research questions for each chapter. While we briefly introduce some of the
underlying arguments for each research question, the full rationale and
hypothesis development will be discussed at length in each chapter. Variables of
most interest are summarised on page 58 as figure 1.11.
Research Questions
• RQ1: Is physical stress a proxy for disability with respect to user driven
innovation (chapter 3)?
• RQ2: Can solving the needs of persons with disabilities appeal to persons
without disabilities (chapter 4)?
• RQ3: Do persons with disabilities and those without differ in their rate of
solution development and solution quality? (chapter 5)?
• RQ4.1 and RQ4.2: Which disability related attributes are predictors of
idea generation and solution development within a cohort of persons with
disabilities (chapter 6 and 7)?
• RQ5: What is the impact of consultation by a disabled lead user on design
outcomes? (chapter 8)?
Chapter 2 will expand our theoretical background with a literature review of cases
where persons with disabilities were framed as lead users for product
development. We examine 18 cases and discuss how persons with disabilities are
framed as lead users, how they are selected and involved.
Before focussing on people with disabilities, we first start with a detour, asking
whether contextual factors that might act as a disabler is sufficient as a proxy
determinant of user innovation. As such chapter 3 will assess the impact of
physical stress (RQ1). We draw on current conceptualizations of disability to
develop our hypothesis. The study is performed among a sample (n=1115) postal
delivery workers using an e-bike to deliver the mail. Results show while there is
an association between physical stress and solution development, it is not
significant.
With chapter 4, we turn to people with disabilities as sources of innovation, most
prominently through solving their unmet needs. We explore what the role of
designers are in this process and whether the needs felt by people with
disabilities can be translated into products that are valuable to non-disabled
persons (RQ2). We review a sample (n=98) of solutions co-designed by persons
with disabilities, healthcare professionals and industrial design students.
55 1. INTRODUCTION
Consumer reviews indicate that more than half of solutions were judged as either
of value to a reasonable and substantial market.
Chapter 5, 6 and 7 relies on two surveys, where in chapter 5 we compare people
with and without disabilities, while chapter 5 and 6 delves more specifically into
some of the characteristics of innovating people with disabilities. More
specifically, chapter 5 will aims to establish whether a) solution development is
more frequent among people with disabilities and b) how these solutions differ in
their quality (RQ3). We build on our assertion that persons with disabilities
experience more unmet needs and as a result are more likely to be engaged in
solution development than persons without disabilities. The results showed our
sample (n=178) of people with disabilities are both more likely to be actively
generating solutions to meet their needs than a sample of non-disable persons
(n=191). Additionally, their solutions are judged both more original and of higher
use value, while not being less valuable to the market.
Chapter 6 and 7 will delve into respectively the characteristics that can be
associated with idea generating (RQ4.1) and solution developing (RQ4.2) persons
with disabilities. We find that disability influence and unmet needs impact the
likelihood of generating an idea, while the best ideas can be associated with
unmet needs. Solutions high in general value, by contrast, can be associated with
unmet needs but is negatively associated with disability influence.
In chapter 8, we question how disabled lead users might be involved as part of
the design process (RQ5). As part of a project to develop time tracking devices in
industrial manufacturing environments, a group of student teams were given
consults by a selected disabled lead user, with domain knowledge. We found no
significant differences between the user value, originality and feasibility of
solutions.
We conclude this thesis with chapter 9. We reflect on the limitations, theoretical
and practical impact, as well as future work.
Chapter Summary
Users, as opposed to producers, are increasingly important as a source of prod-
uct innovation.
Not all users are equally likely to be innovative. Rather, lead users, who are
persons with high expected benefits and ahead of certain market trends are
more likely to engage in product innovation.
Lead users are common in many product domains, but they are not always easy
to identify.
Persons with disabilities are potentially valuable sources of innovation because
of their adherence to the high expected benefit dimension of lead userness.
The needs of persons with disabilities have also previously been at the forefront
of a variety of technological trends
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Patients - which include many persons with disabilities - are also actively en-
gaged in the development of many solutions that meet their needs.
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General overview of dependent and independent variables examined.
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Chapter 2
A Review of Persons with Disabil-
ities as Lead Users
2.1 Introduction
Chapter 1 has broadly introduced the lead user theory. We’ve argued that persons
with disabilities might be suitable as lead users most prominently because they
are often dissatisfied with current market offerings (they have a high expected
benefit to finding a solution). As our results from chapter 5 will illustrate, these
unmet needs are significantly higher than for persons without disabilities.
Additionally, we have highlighted several cases where meeting the needs of
persons with disabilities have subsequently resulted in products that appeal to a
large audience. However, thus far we have not yet considered instances where the
lead user theory by von Hippel (1986) has been evoked specifically in relation to
persons with disabilities, beyond the domain of patient-driven innovation.
Chapter 1 also questions whether and how persons with disabilities have
previously been framed as lead users. As such, here1 we will review a host of
examples where persons with disabilities were explicitly introduced as lead users
for product development.
The aim of this chapter is 1) to provide an overview of the current cases of
persons with disabilities acting as lead users 2) review how lead user selection is
performed in these cases and 3) have an overview of how lead users are involved.
1This chapter is an edited version of P. D. Conradie, L. De Couvreur, J. Saldien, and L. De Marez (2014).
“Disabled persons as lead users in product innovation: a literature overview”. In: Proceedings of the
10th biannual NordDesign conference. Ed. by M. Laakso and K. Ekman. Espoo, Finland: Design Society,
pp. 284–293.
We also discuss several gaps found in the cases, while additionally discussing the
overall implications of this overview. More generally, this chapter thus positions
the remainder of the research by emphasising which gaps currently exist in
relation to framing persons with disabilities as lead user. We formalise these in
our research questions on page 55.
2.2 Method
To generate this overview, we conducted a literature review by searching journal
papers, conference papers and books using the databases Google Scholar, Science
Direct and Web of Knowledge. As such, inclusion criteria were strictly limited to
peer-reviewed articles (including academic conferences) or book chapters. We
used a combination of the following keywords: ’lead user’, ’disabled lead user’,
including more dated terms such as ’handicapped users’. Beyond this, we also
reviewed references to three seminal works in this domain (von Hippel, 1986;
von Hippel, 1994; von Hippel, 2005b) for the aforementioned keywords.
We maintained strict inclusion criteria of articles both referencing the term ’lead
user’ and a variation of the term ’disability’. However, this includes cases where
the term ’lead user’ was evoked without citing the corresponding lead user theory,
or where the lead user theory was not extensively explained.
Cases, as opposed to articles, are the unit of analysis since some published
articles contain more than one case. Given our emphasis on peer-reviewed
journals and conferences, non-published projects where persons with disabilities
might have been involved was not included in this review.
This specific approach introduces a limitation to the results. It is arguable that
more cases exist where the lead user method was applied. A typical example is by
Dong and Vanns (2009), who describe the design of a new pill dispenser for
people with multiple sclerosis. In their study, persons with disabilities are
selected and involved - based on their particular symptoms - throughout the
design process. However, the authors did not mention the lead user theory and as
such is not included in this review. We view this as a reasonable trade-off since
the alternative would potentially lead to an overestimation of cases and would rely
on our estimation of whether the lead user methods were in fact used without the
author’s explicit stipulation.
2.2.1 Categorisation the cases
To help structure the results, we first introduce a broad categorisation of all the
examples (see figure 2.1). Recall that lead userness is domain dependent
(von Hippel, 1986) and a lead user is always leading in relation to someone else.




























Categorisation of cases in this literature overview
While this work will generally focus on framing persons with disabilities as
leading when compared to non-disabled persons, it is also perfectly possible for a
person with disabilities to be leading when compared to other persons with
similar disabilities. This is also reflected in our categorisation, where we first
present cases where persons with disabilities act as lead users in relation to other
people with disabilities (Category I). As a result, the product domain of these
cases is more generally focussed on assistive devices. All cases are summarised
on page 64.
Secondly, we introduce Category II, where persons with disabilities act as lead
users in relation to a larger cohort of non-disabled users. This more closely
follows the hypothesis that persons with disabilities might be a valuable source of
innovation for a large market. The domains are thus typically also mass-market
consumer products. The cases in Category II are summarised on page 67.
Figure 2.1 additionally highlights the most prevailing differences between these
two categories, as highlighted above. In both instances, our review will look at
how users are selected, referring specifically to the user attributes - if any - that
adhere to the lead user theory. Additionally, we present the types of products that
the lead users contributed to. Every case is not extensively discussed individually,
but each case is presented at least once. Finally, we explore how lead users were
involved during the process.
2.3 Results
Before exploring the 19 cases in more detail, we highlight two notable examples,
given their divergence from the remaining 17. These two cases are both of
interest because their aim is not specifically to develop a new product or service,
but rather to explore an aspect of user-driven innovation: respectively the impact
of communities on innovation and the needs of persons with disabilities as a
source of innovation.
First, the case by Franke and Shah (2003) was a retrospective study intended to
explore the effects of communities on innovation, within the framework of lead
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user research, and persons with disabilities were included as one case. While the
authors thus established both the trend leadership and expected benefit of the
users in question, they do not examine how their innovation - a one-handed
braking system - might be of value to persons who can use both hands.
The second notable case is by Hannukainen and Hölttä-Otto (2006), who take a
similar view to persons with disabilities as proposed in this thesis: because they
have needs not met by the market, they are of interest as lead users, and their
solutions are potentially ahead-of-trend. The authors do so through a case study
involving mobile phones. Through photo diaries and interviews, the needs of
nine persons with disabilities were collected, with the authors concluding that the
needs of ordinary users align with the needs of persons with disabilities.
The remaining examples can also be viewed as cases performed in an educational
context, where students engage in designing products for persons with
disabilities, such as work by Berg (2006) and Shiose et al. (2009), while other
examples involve the creation of an assistive device, such as the results presented
by Leahy (2013) and Tangsri, Na-Takuatoong, and Sophatsathit (2013).
2.3.1 Persons with disabilities acting as lead users for assistive
devices
As mentioned earlier, the first category we have identified in the literature aligns
more closely with the traditional concept of the lead user (von Hippel, 1986).
Someone with a disability is selected as leading when compared to other persons
with a disability.
However, the specific selection process in each case is varied and strays from the
strict adherence to ahead of trend status and expected benefit. We find various
instances where several proxy indicators of lead userness are evoked in an attempt
to find lead users. This includes being selected as a lead user due to having
technical knowledge (Lightbody et al., 2010), to a combination of factors such the
willingness to overcome thresholds of participation (for example, long-distance
travel to join meetings), being technically capable of modifying existing products
and having innovated in a similar product domain (Rust and Wilson, 1999).
Active community participation was also cited: Tangsri, Na-Takuatoong, and
Sophatsathit (2013) mention that the lead user in their study was selected as a
result of having played an active role in a local blind organisation. Some of the
lead user antecedents that we introduced in chapter 1 have thus been found in
these cases.
Another strategy is selecting lead users according to how difficult it is to design
for them from the perspective of the designer. This was the case with YuType
(Gheerawo and Lee, 2009), a system that helps persons who have problems with
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neck movement to typing more effectively on a keyboard. The authors describe
choosing a lead user with arthritis that has the most severe neck pain. Doing so
breaks with the traditional way in which lead users are incorporated into the
innovation process (see von Hippel, Thomke, and Sonnack, 1999) but rather
places the more extreme needs of the selected user as leading, which in turn
implies that less severe needs would also be met.
To find lead users, Franke and Shah (2003), as part of a larger study into the role
of communities to foster innovation, identified a group of cyclists with amputated
arms in Germany, who adapted their cycles to better suit their competitive needs.
Users were located by first selecting communities where the authors thought the
presence of lead users was plausible. Community leaders were interviewed,
followed by paper questionnaires to members. Through this process, they
identified cyclists (with amputated arms) who developed a new braking system
that can be operated with one arm only.
Leahy (2013), in turn, describes a process where, during early product
development, specific users are targeted for ‘participatory development’. The
author details a process where a selected group of users are identified through
purposive sampling, where particular lead users are chosen for further
participation based on their skills, experience or needs. In this specific example,
they participated in developing a device that alerts deaf users of threats in their
environment, such as (fire-)alarms.
This approach is comparable to the process followed by Hebler, Tuunanen, and
Peffers (2007), who first screened blind users to find a group of lead users. Their
aim was defining requirements for mobile phone services and features, especially
for blind users. Through interviews, the authors gathered various requirements
for services that cater specifically for blind persons and their needs. This included
some features such as spoken instructions when walking, or GPS tracking of
peers.
Mulvenna, Galbraith, and Martin (2009) break with the more strict selection of
lead users in this category of cases. The authors present three case studies, where
they refer to having employed the lead user method, specifically in the contexts of
living labs (see Dell’Era and Landoni, 2014). The three cases they discuss -
nighttime telecare support for people with dementia, wetness alert sensors for
urinary incontinent persons with dementia, and developing a brain-computer
interface for people with brain injuries – used proxy lead users.
These persons act as surrogates for someone with a disability who is not always
capable of stating his or her needs, which might be the case for persons with
dementia. In this sense, proxy lead users present an interesting example. The
persons providing the insights are not themselves disabled, but they do represent
the well-being and interest of someone with a disability. They do, however,
indirectly benefit from any innovations and are thus motivated to think of a
solution. Of interest here is thus the existing unmet needs and how the
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Product type Lead User Selection User Involvement Source
Night-time tele-care based support for
people with dementia
No specific mention of selection pro-
cess
Workshops, Interviews Mulvenna, Galbraith, and Martin
(2009)
Wetness alert sensors for urinary in-
continent persons with dementia
No specific mention of selection pro-
cess
Workshops, Interviews Mulvenna, Galbraith, and Martin
(2009)
Developing interfaces for people with
brain injuries
No specific mention of selection pro-
cess
Workshops, Interviews Mulvenna, Galbraith, and Martin
(2009)
Brain computer interface Summarised as user disability, user in-
terest and ethical process. Lead user
was technically literate
Product evaluation, attending meeting
with consortium members
Lightbody et al. (2010)
Braking system for cyclists with one
hand
Identification of innovation capability
through questionnaire
Retrospective analysis of user-led inno-
vation through questionnaires
Franke and Shah (2003)
Electronic ear technology to help peo-
ple who are deaf identify critical sounds
Appropriate selection process is
stressed, but the authors are not
explicit about this.
Participatory development process
for new product development, focus
groups
Leahy (2013)
Artificial limbs No specific selection process, but bar-
riers to participation existed and users
had technical skills
Monthly meetings, formal event, dis-
cussing issues surrounding prosthetic
limbs
Rust and Wilson (1999)
Babelfish, sonic feedback concept for
blind persons
No specific mention of selection pro-
cess
Workshop setting during a 24h design
challenge
Cassim (2007)
User requirements for mobile phones
for blind persons.
Recruitment through organisations for
the blind, ‘savvy’ users selected
One on one interviews Hebler, Tuunanen, and Peffers (2007)
Service for blind persons No specific review mentioned, but it is
stressed that the lead user is active in
the blind community
Introducing some concepts, idea gen-
eration and idea validation
Tangsri, Na-Takuatoong, and Sophat-
sathit (2013)
YuType, add-on for keyboards to sup-
port typing
Most difficult case selected as lead user. Online surveys, home visits, informal
interview
Gheerawo and Lee (2009)
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combination of proxy lead user needs and the needs of a person with dementia
can overlap.
Cassim (2007) also does not specify any selection criteria for their chosen lead
user. The author describes the involvement of a single blind user in the
conceptualisation of a device to alert blind persons to obstacles in large public
transport halls.
As shown in the introduced cases, where users with disabilities are framed as
lead users within a cohort of other disabled users, products largely fall in the
domain of assistive devices and services intended specifically and exclusively for
persons with disabilities. Examples include the development of artificial limbs, as
described by Rust and Wilson (1999), or a service for blind persons that facilitates
group learning (Tangsri, Na-Takuatoong, and Sophatsathit, 2013), a
brain-computer interface (Lightbody et al., 2010), wetness alert for persons with
dementia (Mulvenna, Galbraith, and Martin, 2009), or alerting persons of critical
ambient sounds (Leahy, 2013).
2.3.2 Persons with disabilities as lead users when compared with
ordinary users
The more traditional way of implementing the lead user method as seen in
Category I can be contrasted with the strategy in our second collection of cases.
Given that here persons with disabilities are framed as lead users from the
perspective of a general cohort of users, including people without disabilities, the
selection criteria is often limited to being a person with disabilities.
We find parallels with inclusive design paradigms (Keates and Clarkson, 2003;
Story, 1998, pg. iv) where a disabled user is included in the design process to
ensure that a broad spectrum of wishes is incorporated into the product.
However, an important distinction between inclusive, or universal design
paradigms and the lead user approach is considering what the source of
innovation is. Whereas within the presented cases it is arguable that there is a
large overlap between these two ideas, we simultaneously note that lead user
driven innovation supposes that the user itself is the source of innovation, as
opposed to the designer or producer.
In this category, we can find Berg (2006): a variety of lead users are chosen for
the redesign of a toothbrush package. Their disability - and the effect this might
have on using the product - is cited as the defining lead user characteristic. The
participants included persons with rheumatism and visual impairment.
To similar effect Lee and Cassim (2009) include people who use a wheelchair as
lead users to develop a concept for an interactive public gaming system, intended
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for wider use. Shiose (2012) followed a similar process in the redesign of an
electric pot for persons in wheelchairs, blind persons, and persons with cerebral
palsy. The author also discusses two more cases: redesign of an umbrella for
blind persons and a service that provides directions when you are lost.
For Berg (2006), Lee and Cassim (2009), and Shiose (2012), the products are
redesigned with a person with disabilities as the main user, whilst still
considering that the products could be used by many non-disabled persons too.
Berg (2006) also notes that the resulting re-design was tested on non-disabled
persons, with positive results. Again, we find similarities with inclusive design
approaches.
As introduced earlier, Hannukainen and Hölttä-Otto (2006) performed a study to
compare the ability of persons with disabilities (in their case deaf and blind
persons) and non-disabled persons to identify customer needs for mobile phones.
A notable example in their study is the extensive use of the camera function on
the mobile phone at a time when camera picture sharing was not yet widely done
by mobile phone users, foreshadowing current use of smartphones.
For Chamberlain and Dieng (2011), a selection process is not explicitly stated, but
it might be argued that they used a selection process, since the authors mention
‘two lead users’ and a ‘wider forum with other blind members’. They describe a
tactile map, designed for use by both blind and seeing persons, but with the
requirements of blind persons being leading in the design.
Not all the examples in the presented cases focus on the creation of new products
and services. Jacobson and Pirinen (2007) gathered user data about disabled
users’ home environment. The authors invoke the lead user method from the
perspective of user innovation, suggesting that the persons with disabilities in the
study could act as lead users for domestic innovation.
The types of innovations relate mostly to the personalisation of their
environment, such as the use of a stepping scooter to get around, or
re-appropriation of a nutcracker as an easy-grip utensil. In addition to the loose
lead user selection criteria, the introduced cases are slanted towards general use
products, intended for large markets, or general use products in the public space.
2.3.3 Involvement of users in both categories
Lead user involvement, according to von Hippel (1986), includes generating
concepts after identifying the lead user group within a particular product domain.
In this stage, generative sessions may be used to develop new product concepts,
relying on strong involvement from lead users. Following this, results are tested
with a wider audience of non-lead users. Generating and testing concepts aligns
with the four basic stages of new product development presented by Urban and
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Product type Lead User Selection User Involvement Source
Fruitball, an interactive game in the
park
No specific mention of selection pro-
cess
Various methods are mentioned, in-
cluding brainstorms and evaluations of
solutions.
Lee and Cassim (2009)
Requirements for a mobile phone use No specific mention of selection pro-
cess
Ethnographic methods such as photo
diaries, open discussion, interviews
Hannukainen and Hölttä-Otto (2006)
Packaging for a toothbrush No selection, but the group also in-
cludes seniors and children, due to re-
duced motor skills
Collaborative workshops Berg (2006)
Electric pot redesign for various per-
sons with disabilities
No specific mention of selection pro-
cess
Workshop Shiose (2012)
Redesign of an umbrella, with a blind
person or wheel chaired person in
mind
No specific mention of selection pro-
cess
Workshop format, compromising
fieldwork, idea sketching, prototype
construction and presentation
Shiose (2012)
Outside navigation information No specific mention of selection pro-
cess
Workshop Shiose (2012)
Tactile maps that can be used by blind
and seeing persons
Recruitment through organisation for
the blind, a selection was made, the
process is not discussed
System evaluation, content creation
and idea generation
Chamberlain and Dieng (2011)
Understanding the domestic environ-
ment of persons with disabilities
No specific mention of selection pro-
cess
Cultural probes, delivered to five partic-
ipants
Jacobson and Pirinen (2007)
Table 2.2

























Hauser (1993): (1) opportunity identification, (2) development, (3) testing, and (4)
launch, where lead user involvement is focused around opportunity
development, as proposed by Kleef, Trijp, and Luning (2005).
In the examples identified in this review, we find that there is a divergence in how
users are involved. While generative session were common, several case studies
involve their lead users in both development and testing. This could be
problematic since testing with lead users could lead to products that are not
suited to the whole market, a criticism raised by Sanders and Stappers (2008).
Our review additionally highlights that user involvement spans a wide array of
methods, from telephone interviews to full involvement of the participant in the
research. Yet, we must note that user involvement in most of the cases takes the
form of researchers, managers, or designers, involving users in generative
sessions.
This is naturally not the case with retrospective analysis of user innovation such
as the work performed by Franke and Shah (2003), who used interviews to find
innovations that have already occurred in these communities. Here there is thus
no user involvement in the sense that it occurs through a co-design process with
a designer, since the product (-adaptation) already exists, at least for the users
who created their own solution.
However, for the most part, the process was generative, in the sense that
participants contributed ideas through interviews, workshops or full participation
in the research before innovation or ideation has taken place, akin to co-design
efforts (Sanders and Stappers, 2008). To illustrate: Lightbody et al. (2010)
described that their lead user was extensively involved, taking on the role of
researcher, performing duties such as testing the proposed product with other
users and attending meetings with consortium members. Similarly, Tangsri,
Na-Takuatoong, and Sophatsathit (2013) involved a lead user in data analysis and
idea validation.
Other generative methods include telephone interviews (Hebler, Tuunanen, and
Peffers, 2007; Mulvenna, Galbraith, and Martin, 2009) while Rust and Wilson
(1999) used monthly meetings combined with a formal event. To generate
insights on the design of a device to notify deaf users of critical ambient sounds,
Leahy (2013) chose focus groups. Workshops are also prominent, where people
with disabilities are involved in ideation using a variety of methods that involve
activities such as brainstorming or idea evaluation (Lee and Cassim, 2009;
Shiose, 2012).
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Category I Category II
Selection
Lead Users are screened for specific
skills or needs, but mostly lacking the
strict application of lead user attributes
LeadUsers are viewed as suchmostly as
a result of their disability, correspond-
ingly lacking the application for strict
lead user attributes
Products




Does not solve issues of finding lead
users or generalising concepts
Loose user selection and limited atten-
tion given to the potential value of solu-
tion to non-disabled users
Table 2.3
Selection, product types and disadvantages of the cases presented
2.4 Discussion
This review collected and categorised the available examples where people with
disabilities feature as lead users in product and service development. It resulted
in a broad categorisation of the types of cases involving disabled lead users, the
first category being assistive devices (see table 2.1) and the second more general
(consumer) mass-market products (see table 2.2). This review of cases raises
some questions and issues regarding the involvement of persons with disabilities
as lead users. In this section, we will go into more detail about these questions
and their implications, after discussing our findings. An overview of the most
important results can be seen in table 2.3.
2.4.1 User selection
A strict reading of lead userness, as proposed by Hienerth and Lettl (2017), imply
that lead userness can only be measured through conformance to both ahead of
trend status and expected benefit. Subsequent research by a variety of scholars has
also proposed a host of proxy indicators (summarised in table D.1), such as early
product adoption (Belz and Baumbach, 2010) or total time of use (Lüthje, 2004).
Yet, as argued by Hienerth and Lettl (2017) these antecedents can be viewed as a
consequence of lead userness and not a ’facet of the construct itself’. They are
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thus associated with the lead user construct but does not by itself cause lead
userness.
In light of this, most cases do not meet the strict criteria of lead userness, most
notably because there is a lack of lead user selection. As presented earlier, the
reasoning for viewing someone as a lead user ranged from high involvement in a
community (Tangsri, Na-Takuatoong, and Sophatsathit, 2013), or barriers to
participation (Rust and Wilson, 1999).
Correspondingly, we also find no mention of methods such as screening
(Hoornaert, Ballings, Malthouse, and Van den Poel, 2017) or pyramiding
(von Hippel, Franke, and Prügl, 2009) to find lead users. The lack of strict and
extensive selection procedures is arguably a result of the niche markets within
which many of the cases in our first category exists, with lead users mostly being
identified informally through existing social structures and networks.
For cases within the category of assistive devices, in table 2.1, the only example of
large-scale efforts to locate lead users was by Franke and Shah (2003). As we
discussed previously, the authors were attempting to retrospectively locate lead
users (after they have innovated) to test the hypothesis that communities support
innovative behaviour. This is in contrast with all the other examples, where a lead
user was sought as part of prospective efforts to create a new product.
Cases in category II (in table 2.2), conversely involved persons with disabilities as
lead users as a consequence of their disability. As with the aforementioned
category I cases, the strict attributes of ahead of trend status and expected benefit
was not adhered to, but rather a combination of aspects such as technological
knowledge, community participation, product needs, or product dissatisfaction.
The term lead user is thus loosely applied and in direct relation to inclusive
design approaches (Cassim, 2007; Chamberlain and Dieng, 2011; Gheerawo and
Lee, 2009; Shiose, 2012), occasionally without mention of von Hippel specifically
(see for example Cassim, 2007).
While the selection is not strict, the lead user criteria could still apply:
participants are experiencing needs the market does not yet feel and they stand to
benefit greatly to have these needs met. This has the effect of identifying a cohort
of users where the likelihood of finding lead users increases.
Within the examples given in category II the lead user method thus acts as a way
to achieve inclusive designs that appeal to large groups of users, a case of
incremental innovation. This is a subsequent contradiction of the earlier stated
goals of the lead user method allowing innovation in highly novel or
technologically advanced fields at the leading edge of a market trend.
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2.4.2 User involvement
In many of the introduced cases, the operationalisation of the lead user method
remains unclear. While the four-step approach to implementing the lead user
method by Urban and von Hippel (1988) is not a rigid prescriptive method, in
some of the cases surveyed, authors strayed far from the original design.
Compounding this problem, and also seen in this review, is that people with
disabilities also do not constitute one homogeneous group and even within a
particular disability, nuances exist. This further emphasises that it is important
for involvement strategies to be focussed on the person or disability type. While
approaches such as design games (Brandt, 2006) are good sources for generative
research with non-disabled persons, their methods cannot always be applied in a
setting where participants have a disability and would need to be tailored towards
that specific disability.
To illustrate, co-creation with deaf people might require translators, while blind
persons have no possibility to read written notes or summaries, making the
synthesis of ideas hard. Furthermore, blind people would either need braille
printed informed consent forms or need an objective person present to read and
sign the appropriate forms.
Involving people with disabilities in co-design efforts also raises some ethical
considerations. For instance, managing expectations is important. To illustrate,
Frauenberger, Good, and Keay-Bright (2011) specifically mention issues
encountered when co-designing with special needs children. In certain contexts
where participants are unable to communicate, a proxy user might be used, as
earlier cases suggested. Examples would include persons with Alzheimer or
dementia (Lazar, Feng, and Hochheiser, 2009). Note that the surrogate, in the
form of a family member or caregiver might also be a lead user, as a result of
their high needs, and expected high benefits when a solution is found.
2.5 Conclusion
Overall, chapter 1 and 2 concludes the introductory part I of this thesis. In
chapter 1 we introduced the principle of user-driven innovation, mainly through
the lens of lead user theory. We also highlighted our rationale for suggesting that
people with disabilities might be valuable sources of product innovation, most
prominently because the market fails to meet their needs but that
simultaneously, in some cases meeting their need results in products with a large
mainstream appeal.
This chapter, in turn, took a more structural approach to identify examples where
persons with disabilities featured as lead users for new product development.
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The 19 discussed cases can thus be seen as further anecdotal evidence of the
initially proposed idea that people with disabilities might be of value as product
innovators, with two general approaches existing to frame lead userness.
However, this review raises some questions.
A general point of discussion across both examined categories is the prevalence
of articles published in conference papers, as opposed to those indexed in the
Thomson Reuters Web of Science, which points out that research in this domain
is generally explorative. Similarly, many of the examples given were limited to an
educational context where design students were asked to create something for a
user group (in this case persons with disabilities) with whom they are not
familiar. A participant’s lead user status is assumed and not validated.
With the exception of the study by Hannukainen and Hölttä-Otto (2006), there
are no attempts to compare the solution development capacity of people with and
without disabilities. In addition, there are no studies yet comparing the degree to
which the expected benefit or levels of unmet needs differ between persons with
or without disabilities. This would be necessary to establish whether persons
with disabilities would be more likely to meet the criteria of being a lead user.
Additionally, the ahead of trend status of many solutions remain unclear.
Whereas many of the results point to potential value for other users (for example
the one-handed braking system), there are no evaluations of the results to
highlight whether this is, in fact, the case. This was not necessarily the goal of
many of the authors, but in order to establish that persons with disabilities are
suitable sources of product innovation, the potential value of their solutions for
an ordinary cohort of users needs to be assessed.
Another gap is a lack of more fine-grained attributes specifically related to
disabilities that might be of value in identifying persons with disabilities who
might be more likely to be lead users, similar to the proxy characteristics
identified by Schreier and Prügl (2008). This would be of interest because it
cannot be assumed that all persons with disabilities are equally suited as lead
users and having other attributes through which they might be located can be of
value.
More broadly, this literature review can be situated against the opportunities and
challenges introduced in chapter 1, namely that while there are opportunities
associated with the identification of lead users (most prominently their ability to
create solutions that are of great value to firms Lilien et al., 2002; Nishikawa,
Schreier, and Ogawa, 2013), the process of doing so is fraught with difficulty,
given the scarcity of lead users (Hienerth and Lettl, 2017; Kratzer, Lettl, Franke,
and Gloor, 2016; Schreier and Prügl, 2008; Soukhoroukova, Spann, and Skiera,
2012).
Having concluded our introduction, part II will start our study into the role of
persons with disabilities as sources for innovation.
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Chapter Summary
Persons with disabilities have been framed as lead users in product develop-
ment before.
Examples of cases where this has been done can be broadly categorised into
two groups: persons with disabilities introduced as lead users when compared
to their peers with disabilities and persons with disabilities introduced as a lead
user when compared with ordinary, non-disabled users.
In the former category, the product domain ismost prevalently assistive devices,
while in the latter category, the focus is on general consumer products.
Across both these categories, there is a lack of strict adherence to the two lead
user attributes of ahead of trend status and expected benefit.
It remains unclearwhether persons with disabilities differ in the rate of solution
development and whether these solutions are any different with respect to their
quality when compared to persons without disabilities.
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Physical Stress as Antecedent for
User Innovation
Before shifting our focus to persons with disabilities, our first study will draw on existing
conceptualizations of disabilities to explore if health-related physical stress is a predictor of
user innovation.
RQ1: Is physical stress a proxy for disability with respect to user-driven innovation?
3.1 Introduction
We’ve introduced our overall arguments for proposing persons with disabilities
as a source of innovation. However, before delving more deeply into the potential
of persons with disabilities, we will first take a step back and explore disability in
a broader context, namely whether contextual factors such as a person’s
environment can act as a disabler and the subsequent effect this might have on
product dissatisfaction and innovative user behaviour.
Our context for this chapter is solutions developed within a firm, the Belgian
national post service, bpost. More specifically, we assess whether people with a
higher degree of self-reported physical stress are both more likely to have ideas
for improvements, or have themselves improved something. Below, we will
introduce our rationale for this study more in depth.
3.2 Background and Hypothesis Development
Our main argument for the current study and how it relates to disability is rooted
in our earlier discussion about how disability can be conceptualised (on page 19).
In brief, the International Classification of Functioning, Disability and Health
(ICF) by the WHO argues that disability is a result of an ’interaction of health
conditions with contextual factors’ (WHO, 2011, p. 5). This suggests that there
are various aspects in the environment that contribute to disability, above and
beyond any issues related to any specific physical or sensory disabilities of a
particular person. Of most relevance for the current study, these factors include
’products and technology’ (WHO, 2011, p. 5) (see figure 1 on page 22). Succinctly,
the authors argue that ’almost everyone will be temporarily or permanently
impaired at some point in life’ (WHO, 2011, pg. 3).
Essentially, what the ICF proposes is that disability is not a defining feature of a
person, nor can it be viewed dichotomously. Rather, it is contingent on a variety
of external factors, with the ICF formalising these factors to include
environmental and personal factors. A person with a visual impairment is not
disabled in their ability to hear music while a deaf person is not disabled in their
ability to read a book. To this end, Braddock and Parish (2001, pg. 11) argue that
’disability exists as it is situated within the larger societal context, while
impairment is a biological condition’.
Viewed as a designer, this argument aligns with the earlier introduced
perspective of the May 1974 article in Industrial Design magazine (as cited in
Williamson, 2012) titled The Handicapped Majority which argued that everyone
experiences some sort of disability in some environments. An obvious example
would be a driver’s temporary blindness for everything except the road ahead or a
factory worker’s deafness in noisy environments. For persons with disabilities,
the impact of these environmental factors translates into a variety of unmet needs
during their interactions with products and technology (Emiliani, 2006), which
in turn serves as our central argument for introducing persons with disabilities as
potential lead users.
In the very concrete example of cyclists using e-bikes for delivery, there is a
plausible ’interaction of health conditions with contextual factors’ (WHO, 2011, p.
5), with persons experiencing physical stress, combined with the contextual
factors of ’products and technology’. To be clear, we are not proposing that all (or
any) e-bike users are disabled. Rather, given certain contextual factors, combined
with a certain degree of physical stress, it translates into a temporary disability of
performing their work with the products at hand (i.e.: an interaction of health
conditions with contextual factors) (WHO, 2011, pg. 5).
In turn, this inability impacts the degree of unmet needs and expected benefit
someone might have within the context of e-bike post delivery. An important
drive for users who act as innovators is that they stand to benefit from having
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their needs met and will thus be more likely to innovate (Franke and Shah, 2003;
Olson and Bakke, 2001; Riggs and von Hippel, 1994). Assessing the degree of
benefit is typically done by measuring unmet needs or product dissatisfaction in
a specific product domain (Schuhmacher and Kuester, 2012) or in general (Stock,
von Hippel, and Gillert, 2016).
However, measures of benefit are also domain specific (von Hippel, 1986). As
such, what counts as an expected benefit for sports equipment (Franke and Shah,
2003) will not translate well to ICT software development (Olson and Bakke,
2001). In the case of postal workers, working while experiencing a high degree of
physical stress (directly related to their e-bikes) can thus arguably be a predictor
of increased likelihood of idea generation and solution development, much like
persons with a disability might be more motivated to generate ideas or solutions
because they stand to benefit most.
Centrally, this chapter will thus question whether physical stress can be viewed as
a proxy measure of innovative behaviour. We make a distinction between the
generation of ideas and the development of a solution. Solutions, in contrast with
ideas, must consist out of something that has been materialised.
Beyond the inclusion of physical stress as a predictor variable, we will also
consider two additional factors: use experience and dissatisfaction, allowing us to
assess what the effects of these predictors are on innovative behaviour in
conjunction with physical stress. While we have already discussed several proxy
indicators of lead users in chapter 1, we briefly highlight them again.
Use experience has previously been associated with user-innovators in a variety of
studies, both concerning the development of ideas and solutions (Belz and
Baumbach, 2010; Faullant, Schwarz, Krajger, and Breitenecker, 2012; Lüthje,
2004; Schreier and Prügl, 2008; Schuhmacher and Kuester, 2012). The rationale
for use experience as a predictor of innovative behaviour (both with respect to
ideation and solution development) relies on the assertion that as people get
more familiar with a particular product, service or use case, they might discover
problems not apparent to novices. More importantly, designers might not
themselves be aware of any particular problem with a product because they are
themselves not active users (Kristensson and Magnusson, 2010). For example,
Tietze, Pieper, and Herstatt (2015), measured use experience of rowers by asking
participants how long they have been actively rowing. Similarly, Franke and Shah
(2003) questioned various sports community on how long they have been active
in their respective communities.
Additionally, we include a measure of dissatisfaction. As originally proposed by
von Hippel (1986), users who innovate are typically doing so because they have
some product need that is not yet met. By extension, they seem to be dissatisfied
with current products. As a result, several authors have proposed that product
dissatisfaction can be associated with user innovators both in the case of solution
development and idea generation (Belz and Baumbach, 2010; Duverger, 2012b;
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Likelihood of solution 
development
Figure 3.1
Research model for the hypothesis in chapter 3
Franke and Shah, 2003; Morrison, Roberts, and von Hippel, 2000; Schuhmacher
and Kuester, 2012).
Figure 3.1 summarises our research model.
Hypothesis for Chapter 3
We thus propose the following hypothesis:
H1a, H1b, H1c: More physical stress (a), more use experience (b) and more
product dissatisfaction (c), are positively associated with the likelihood of idea
generation.
H2a, H2b, H2c: More physical stress (a), more use experience (b) and more




The context within this study is the improvement of the electronic bicycles
(e-bikes) currently used by the Belgian postal service, or bpost. As part of this
context, postal workers were asked to give suggestions for improvements across a
variety of product use categories. The survey was provided on paper and
subsequently digitised. In total 1115 out ±1800 e-bike users participated (62%).
To develop our survey, we followed a similar approach as Morrison, Roberts, and
von Hippel (2000), where a draft survey was created after initial qualitative
observations and interviews. This included interviewing and observing seven
employees during their delivery round.
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Following this, a draft version of the questionnaire was reviewed by the staff of
the post, and by a panel of researchers not directly involved in the research. Post
office staff, including postmen, performed a final review prior to launching the
questionnaire. Our survey compromises perceptual and objective measures.
Below we discuss these measures in relation to existing literature on user
innovation.
3.3.2 Variables
Central to this study is physical stress and its impact both on ideation and
solution development. To measure physical stress, we asked participants to
indicate, on a four-point Likert scale, whether their job as postmen, when using
the e-bike, results in physical stress to a part of the body. A score of 1 denotes
“(almost) no physical stress”, while 4 indicates “very stressful”. Using these
scores, we calculated a self-reported physical stress score. The measure is derived
from earlier studies on physical work stress (Eatough, Way, and Chang, 2012).
We also assess the effect of two other common attributes on the likelihood of idea
and solution generation: use experience and product dissatisfaction (i.e.: unmet
needs). To measure use experience, we asked participants how many years they
have been using the e-bike. This measure corresponds with other related studies
on user-driven innovation (Franke and Shah, 2003; Tietze, Pieper, and Herstatt,
2015).
Typical methods of measuring product satisfaction are through asking general
questions related to product use i.e.: ’I am/was satisfied with my experience with
XYZ service’ (Duverger, 2012b), a single measure Stock, von Hippel, and Gillert
(2016) or by calculating an average satisfaction score based on various questions
specifically related to product use (Franke and von Hippel, 2003).
In our case, our approach is comparable to Franke and von Hippel (2003). We
measured product dissatisfaction by asking several questions related to the
e-bike’s suitability to perform various common tasks. These questions (see table
A) were a result of our exploratory interviews and observations and related to 1)
the stability of the bike; 2) manoeuvrability when cycling; 3) suitability when
performing various tasks; 4) parts of the bicycle. Questions were on a four-point
Likert scale without midpoint to avoid neutral responses (Garland, 1991;
Krosnick, 1991; Krosnick et al., 2001).
To calculate the internal consistency of these four constructs, we calculated
Cronbach’s α (αc). Consistency between these four constructs was high (stability:
αc=0.78; manoeuvrability when cycling: αc=0.72; suitability when performing
various tasks: αc=0.87; and quality of the parts αc=0.89). As a result, we created
a new dummy variable “dissatisfaction”, consisting out of an average score across
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these four categories, ranging between 0 and 4. Higher scores denote more
dissatisfaction.
Throughout the survey, participants were asked six questions about
improvements for specific parts of the e-bike and e-bike use. A seventh question
was included to give users the chance to suggest general improvements. From
these questions, we created a dummy binary variable “idea generation”. Open
questions for product improvement suggestions are in line with several related
studies in user-driven innovation (Schweisfurth, 2017; Tietze, Pieper, and
Herstatt, 2015).
To gather generated solutions, we asked users whether they have modified their
e-bike to better suit their needs. Here, we provided a single field where users
could describe their modification(s). This similarly correspondents with
comparable studies on user innovation (Schweisfurth, 2017; Tietze, Pieper, and
Herstatt, 2015).
We additionally control for age and gender. Given the increased need for




Our main concern is the characteristics of users who have ideas for improving
their e-bike or have developed solutions. For both these variables, we rely on open
survey questions. As with some other studies on user innovation, ideas and
developed solutions were screened (de Jong et al., 2015; Tietze, Pieper, and
Herstatt, 2015).
Our first analysis shows that more than half of the users have one or more
product improvement ideas: 622 out of 1115 (54.5%) users provided a suggestion
in one or more fields. However, several ideas had to be discarded.
First, we discarded comments that were merely stating current problems.
Examples include “battery not strong enough”, “seat is too hard”, or broad
statements such as “e-bike is too heavy”. Secondly, we removed all user ideas in
cases where users did make a suggestion but merely proposed that something
should be “better”, “stronger”, “faster”, etc.
For example, “better batteries” was not considered, whereas the suggestion to
implement space for a spare battery was included in the analysis. After this
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process, 345 (30.9%) users remained who suggested an idea for improvement of
the current e-bike.
In our survey, 178 out of 1115 (15.5%) of users reported developing a solution.
However, similar to the selection of user ideas, these idea developments included
many instances of changes that had to be filtered out. To do so, we first filtered
out standard changes to the bicycle itself (i.e.: adjusted seat).
Following this, we also removed standard changes to the e-bike offered by the
post (i.e.: foam support in the front baggage carrier). After removal of these
ideas, we were left with 48 remaining users who have modified their e-bike, 4.3%
of participants.
Our sample contained only four persons of 60+. Given this, we included these
four in our 50+ group. For the variables gender, age group, dissatisfaction, years
as user, physical stress, use experience and measure of benefit, our dataset
contains missing values, resulting in the removal of 189 persons from our
correlation analysis and binary regression analysis.
Independent sample Welch t-tests between the removed observations and the
remaining data reveals no significant differences in satisfaction (t=0.04,
df=140.8, p=0.97), physical stress (t=1.07, df=116.53, p=0.29) use experience
(t=-0.97, df=35.47, p=0.34) or solution development (t=-1.67, df=219.01, p=0.1).
However, persons with missing data were significantly less likely to submit a
generated idea (t=-3.91, df=194.09, p<0.01). We thus continue our analysis with
this filtered group of 926 participants.
3.4.2 Sample description
Table 3.1 contains descriptive results for the gender and age of our participants,
distinguishing between users who have generated ideas and those who developed
a solution. A two-way analysis of variance (ANOVA) was conducted that
examined the effect of gender and age on the likelihood of idea generation or
solution development. Age has no impact on idea generation (p=0.16) or solution
development (p=0.87). Similarly, gender has no impact on idea generation
(p=0.91) or solution development (p=0.31).
Table 3.2 shows our two tailed Pearson correlation analysis. Idea generation is
correlated with physical stress (r=0.07, p=0.03), but shows no significant
correlation with solution development (r=<0.01, p=0.78). Use experience shows
no correlation with ideation (r=0.05, p=0.13), but is correlated with the
development of solutions (r=0.08, p=0.01). Finally, dissatisfaction is correlated
with idea generation (r=0.08, p=0.01), but not with solution development
(r=0.03, p=0.32).
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Generated an idea Developed a solution
Total n % of group % of total n % of group % of total
Age
Age 18-30 218 70 32.11% 7.56% 11 5.05% 1.19%
Age 30-39 236 65 27.54% 7.02% 11 4.66% 1.19%
Age 40-49 270 100 37.04% 10.80% 13 4.81% 1.40%
Age 50+ 202 66 32.67% 7.13% 7 3.47% 0.76%
Gender
Females 205 67 32.68% 7.24% 12 5.85% 1.30%
Males 721 234 32.45% 25.27% 30 4.16% 3.24%
Total 926 301 42
Table 3.1
General descriptive statistics of our complete sample
Furthermore, Welch Two Sample t-tests also support our hypothesis that an
increase in the reported levels of physicals stress is associated with higher levels
of idea generation (t=-2.14, df=598.15, p=0.03), but not for solution development
(t=-0.30, df=45.56, p=0.76). In sum, our descriptive statistics seems to offer
support for H1a, H2a and H1c.
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Relationship not significant at p<0.05
Figure 3.2
Effect of physical stress on idea generation and solution development
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Mean St. Dev. I II III IV V
Idea (I) 0.33 0.47
Solution (II) 0.05 0.21 0.09**
Gender (III) 0.78 0.42 0 -0.03
Physical Stress (IV) 2.03 0.65 0.07* 0.01 -0.01
Use Experience (V) 3.23 1.78 0.05 0.08* -0.05 0.04
Dissatisfaction (VI) 2.32 0.42 0.08* 0.03 -0.06 0.38** -0.02
Notes:
Concerns only our complete sample of 926 respondents
*p<0.05; **p<0.01
Table 3.2
Pearson correlation (two-tailed) table comparing ideas, solutions, our control variables and
our dependent variables
Following our two-tailed Pearson correlations, we performed several logistic
regressions. For both our independent variables (idea generation and solution
development), we created an intercept-only model (Model 1a and Model 2a),
allowing us to find a baseline loglikelihood value (-2LL). This is used to estimate
model fit. Furthermore, we report the significance of the individual variables
(Wald tests), Nagelkerke pseudo R2, which indicates the strength of association in
the overall model, in addition to Akaike’s Information Criterion index (AIC)
where lower numbers indicate better model fit (Akaike, 1987). We also report
overall model significance. With a recommended 10 to 15 observations for every
predictor variable (Green, 1991), our sample size is adequate.
Of first interest is the likelihood of idea generation. As our results show in table
3.3 both our categorical variables have no impact on idea generation likelihood.
Our model also fails to reach significance levels (p=0.26), while Nagelkerke R2 is
only 1%.
Addition of our three predictors (physical stress, use experience, dissatisfaction)
improves our model somewhat. Nagelkerke R2 increases to 2% and our model is
also significant overall (p=0.03). Of our three included predictors, only
dissatisfaction increases the likelihood of solution generation, with exp(B)=1.47,
p=0.04.
We assessed Model 3c for multicollinearity, with no problematic results.
Maximum VIF was 1.71. An assessment of residuals is similarly satisfactory, with
no problematic residuals. Finally, our largest Cooks distance was below 0.01, far
below the threshold of 11. Following this, we assessed the impact of our predictor
variables on the likelihood of solution development. Model 2b shows that no
1See page 23 for more detailed information about model diagnostics.
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Outcome variable: having an idea
Model 1a Model 1b Model 1c
B exp(B) p B exp(B) p B exp(B) p
Control variables
Gender1 0.02 1.02 0.92 0.06 1.06 0.75
Age 30-392 -0.22 0.8 0.29 -0.23 0.79 0.27
Age 40-492 0.22 1.25 0.26 0.2 1.23 0.31
Age 50-592 0.03 1.03 0.91 -0.01 0.99 0.97
Independent Variables
Physical stress 0.12 1.13 0.31
Use Experience 0.05 1.05 0.24
Dissatisfaction 0.39 1.47 0.04**
Constant -0.73 <0.01*** -0.78 0.46 0.03** -2.14 0.12 <0.01***
Observations 926 926 926
Nagelkerke R2 0.01 0.02
-2 Log Likelihood 1167.90 1162.68 1152.74
Akaike Inf. Crit. 1169.91 1172.68 1168.74
Model Significance 0.26 0.03**
Notes
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: Age 18-29 as reference category
Table 3.3

























Outcome variable: developing a solution
Model 2a Model 2b Model 2c
B exp(B) p B exp(B) p B exp(B) p
Control variables
Gender1 -0.36 0.7 0.32 -0.32 0.73 0.38
Age 30-392 -0.08 0.92 0.86 -0.19 0.83 0.68
Age 40-492 -0.08 0.93 0.86 -0.31 0.73 0.48
Age 50-592 -0.4 0.67 0.43 -0.67 0.51 0.19
Independent Variables
Dissatisfaction -0.04 0.96 0.87
Use Experience 0.26 1.29 <0.01***
Physical Stress 0.36 1.44 0.38
Constant -3.05 <0.01*** -2.3 <0.01*** -3.89 0.02 <0.01***
Observations 926 926 926
Nagelkerke R 0.01 0.04
-2 Log Likelihood 341.90 340.16 331.86
Akaike Inf. Crit. 343.89 350.16 347.85
Model Signficicance 0.78 0.19
Notes
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: Age 18-29 as reference category
Table 3.5

























control variable impacts our outcome variable. Our model is also not statistically
significant (p=0.78) and similar to Model 1b explains only 1% of variance.
Subsequent inclusion of our predictors in Model 2c shows that only use
experience has any significant effect (p<0.01), with physical stress (p=0.87) and
dissatisfaction (p=0.38) both failing to significantly impact our outcome. While
Nagelkerke R2 has increased, our overall model is not statistically significant
(p=0.19).
Nonetheless, model diagnostics were not problematic, with maximum VIF values
of 1.61. With 42 problematic residuals, we are just below the 5% threshold and
our maximum Cooks distance of 0.03 is well below the threshold of 1.
3.5 Discussion and Implications
We’ve drawn on the WHO’s conceptualisation of disability (WHO, 2011, p. 5) to
suggest that physical task related stress is a potential proxy for innovative
behaviour. We hypothesised that physical stress is a significant predictor of user
innovation both with respect to the generation of ideas and the development of
solutions. Our rationale for this hypothesis is based on the notion that unmet
needs are associated with lead users. While the overall focus of this thesis is the
impact of disability on innovative user behaviour, we argued that other contextual
issues, including the relationship between physical stress and product use (in our
case e-bikes), can also predict idea generation and solution development.
As both table 3.3 and 3.5 shows this is not the case. Self-reported physical stress,
viewed in isolation, does seem to be significantly associated with idea generation
(see figure 3.2). However, controlling for age groups, gender and including use
experience and dissatisfaction invalidates this finding. By itself, experiencing a
varying degree of physical stress is thus not sufficient to predict user innovation.
Hypothesis Outcome
H1a: Physical stress is positively associated with idea generation likelihood Not supported
H1b: Use experience is positively associated with idea generation likelihood Not supported
H1c: Dissatisfaction is positively associated with idea generation likelihood Supported
H2a: Physical stress is positively associated with solution development likelihood Not supported
H2b: Use experience is positively associated with solution development likelihood Supported
H2c: Dissatisfaction is positively associated with solution development likelihood Not supported
Table 3.7
Hypothesis evaluated in chapter 3
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More generally it should be noted that the context of this study diverges from
many related studies in the domain of user-driven innovation. Most importantly,
our users were asked to indicate whether they have made any changes to a
product that they themselves do not own. While there are people as part of our
sample that did modify their e-bikes to better suit their needs, it is very possible
that the unique context of this study has severely limited the degree to which
persons feel comfortable with changing their equipment.
This is supported by our finding that use experience, as indicated by years as
user, can be associated with a higher likelihood of solution development. Certain
users thus tend to be more comfortable with changing and adapting their e-bike,
as their years using increases. While our study did not focus explicitly on why
these more experienced users were more likely to implement their ideas, it may
be as a result of having more confidence within the work environment that small
modifications will be permitted, along with stable access to a particular e-bike as a
result of seniority. As such, they may expect to more consistently benefit from
modifications, even if they are not owners.
However, idea generation should not be limited by non-ownership. After all, in
the case of user-driven innovation within services, the innovators are also not
product owners (Duverger, 2012b). However, here we also fail to find any effects
of physical stress, even if the correlation between idea generation and physical
stress was significant. By contrast, dissatisfaction does impact the likelihood of
idea generation, which aligns well with existing lead user theory.
Additionally, dissatisfaction was not associated with solution development. This
speaks to a notable issue within lead user research, namely that once people
develop a solution to their needs, their level of unmet needs correspondingly
decreases, making unmet needs unreliable as a predictor of user innovation
(von Hippel, 1986). Note here that dissatisfaction (and by extension unmet
needs) was product specific in this study, relating to several questions about the
use of the e-bike (see all questions in table A). As a result, solving problems
through solution development should alleviate some issues, with a corresponding
decrease in dissatisfaction.
The difficulty and associated barriers with modifying e-bikes without having prior
technical knowledge may also act as a further barrier to solution development,
regardless of ownership. Modifying a product such as an e-bike may thus also
require technical skills that may be lacking among the sample of respondents,
further increasing the costs associated with solution development and in turn
decreasing its likelihood.
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3.6 Limitations
To conclude, we reflect on some limitations. While we filtered our generated
ideas and developed solutions, our selection does not take into consideration the
degree of their innovativeness. This is in line with similar studies (Tietze, Pieper,
and Herstatt, 2015; von Hippel, de Jong, and Flowers, 2012) but as a result, we
did not further examine the relative quality of the ideas generated or developed
solutions. In doing so, we are unable to show which user characteristics may
result in better ideas.
In relation to this, while we asked participants for ideas for improving their
e-bikes in specific circumstances related to parts and e-bike use, we only
questioned them on modifications in general. This prompt might thus be too
broad, resulting in a limited set of solutions presented.
We used a common measure for measuring use experience, namely years as user.
While often used in similar studies (Belz and Baumbach, 2010; Faullant,
Schwarz, Krajger, and Breitenecker, 2012; Lüthje, 2004; Schreier and Prügl,
2008; Schuhmacher and Kuester, 2012), it can also be questioned in our specific
context whether it is was accurate. For example, participants might have been a
user for many years, but only use the e-bike for a few months during that period.
To ensure a large sample size, we used a survey. While a common practice in
related studies, surveys may not be able to capture all ideas, since participants
may have modified products, while not considering these changes as
modifications. As indicated earlier, the solutions developed by users in our
sample are also mostly incremental in nature. While this may be the result of the
context (non-ownership, limited use access, the high barrier of modification, high
investment cost), the results could be less applicable in other domains.
Variance explained by our models was very small, ranging between 1% and 4%.
While other comparable studies in this domain have resulted in similarity low
values for Nagekerke R2 (i.e.: see Tietze, Pieper, and Herstatt, 2015), it does
suggest that there are many other factors that remained unexplored. Similarly,
the correlations that were found were small.
These other factors might include a host of measures such as the local
management context, or the general employee satisfaction, which might
additionally have had a significant impact on both the likelihood of solution
development and ideation. These factors also limit the generalisability of the
results.
3. PHYSICAL STRESS AS ANTECEDENT FOR USER INNOVATION 90
Chapter Summary
Our study fails to find any effect of physical stress as a proxy for user-driven in-
novation, failing both to be a significant predictor of idea generation or solution
development.
Use experience was significantly associated with solution development, but
failed to impact idea generation.
Conversely, dissatisfactionwas significantly associated with idea generation but
did not impact the realisation of ideas.
Results should be generalised with caution, given the specificity of this case
study, most notably the impact of external factors such as employee satisfaction.
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Chapter 4
Solutions Co-Designed by Persons
with Disabilities and their Gen-
eral Market Appeal
We now shift our focus towards persons with disabilities. Specifically, we explore how solv-
ing the unmet needs of people with disabilities through a process of co-creation can result
in solutions that also appeal to a general market
RQ2: Can solving the needs of persons with disabilities appeal to persons without disabili-
ties?
4.1 Introduction
Chapter 2 introduced and reviewed a host of examples that underline the
potential role of persons with disabilities as a source of innovation. However, the
examples thus far remain largely anecdotal with even less empirical data on the
potential market value of solutions. Chapter 3 in turn questioned the impact of
contextual factors or the interaction between someone’s environment and their
physical capabilities as a potential proxy for disability. We found that while
physical stress has a significant relationship with idea generation (but not
solution development), no significant effects can be found when controlling for
age and gender. Having thus rejected physical stress as a proxy for user-driven
innovation, we focus our attention explicitly on people with disabilities. We will
look specifically at the potential market value of solutions co-created with people
with disabilities.
Our goal in this chapter is thus to explore if solutions developed to meet the
sometimes idiosyncratic needs of persons with disabilities might also have use
for people without disabilities. Our rationale for this study is rooted in the idea
that by meeting the unmet needs of persons with disabilities, we could also meet
the needs of others.
We emphasise that this chapter is an exploratory chapter and as such, we are not
evaluating any specific hypothesis, but we do aim to answer RQ2: Can solving the
needs of persons with disabilities appeal to persons without disabilities?
4.2 Background
4.2.1 Users as innovators
As argued in chapter I, for a person to be a lead user, they must meet two specific
criteria: being ahead of certain market trends and having needs not yet met by
the market (von Hippel, 1986). We’ve illustrated that in some instances meeting
the needs of persons with disabilities might also meet the needs of others in the
market. One notable example includes Rasmus Malling Hansen’s Writing Ball.
Developed in the 1870’s and 1880’s, Hansen’s Writing Ball aimed at allowing
blind people to produce text by touch (Sproat, 2010, ch. 6). His innovation
subsequently led to the development of the modern keyboard.
Designers might benefit from lead users in three, sometimes overlapping, ways.
First, rather than exploring what the needs are of ordinary users, they might
focus on lead user needs instead. Beyond this, they could benefit from the ideas
generated by lead users to solve their needs and finally, explore which solutions
have been developed by lead users (von Hippel, 1986; von Hippel, Thomke, and
Sonnack, 1999). Additionally, lead user needs must thus appeal to a large market
(Hienerth and Lettl, 2017).
Yet, while the given examples aim to support our proposed hypothesis, it is still
plausible that these needs are too niche to be of value to any broad market.
Reflecting on the attributes of lead userness, it is apparent that many people with
disabilities might be experiencing products or services that fail to meet their
needs, most prominently because many products are designed first and foremost
for persons without disabilities (Emiliani, 2006).
More specifically, we are not proposing that the users in this study are necessarily
lead users, rather we aim to explore whether solving the needs of persons with
disabilities can be of value to a large market, once these needs have been met by a
designer. This is of interest because it cannot automatically be assumed that
solving the needs of someone with a disability will appeal to others. Persons with
disabilities are heterogeneous (Silverstein, Julnes, and Nolan, 2005) and their
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needs might be too idiosyncratic to translate well to general market products. As
argued by Iwarsson, Ståhl, Iwarsson, and Ståhl (2003) and Plos et al. (2012) mere
adaptations to existing products run the risk of creating products that are
stigmatising, let alone appealing to a large non-disabled market.
However, as we have discussed at length in section 1.6, anecdotal evidence points
to the potential impact that solving the needs of persons with disabilities might
also meet the needs of the rest of the market. A prominent example was
introduced on page 45, with the home automation systems initially intended for
bedridden patients, but now arriving in the form of smart home appliances
(Wilson, Hargreaves, and Hauxwell-Baldwin, 2015).
Others include the OXO Good Grips kitchen utensils product line (Mcadams and
Kostovich, 2011), the Ford Focus, designed especially for persons with difficulty
moving (for example persons with old age, or pregnant women) or the redesign
of Tupperware kitchenware to be more easily used by older people (Mueller,
2003). These examples do not constitute user-driven innovation in the sense that
end users are developing solutions. Rather, it illustrates that the unmet needs felt
by people with disabilities can be translated to commercially valuable products.
Further evidence for this idea is presented by Raviselvam et al. (2016), who
compared solutions developed by older adults and the general population. The
authors illustrate that many of the needs felt by these extraordinary users also
meet the needs of the general population.
We’ve also briefly touched on a host of proxy indicators of lead users. Among
these, technical knowledge (Franke, von Hippel, and Schreier, 2006) is of
particular relevance. Developing something is more complex than simply having
an idea (Tietz, Morrison, Luthje, and Herstatt, 2005). Specifically for persons
with disabilities with innovative ideas, McDonagh and Thomas (2010) argue that
they may be constrained in their technical ability to create products that fulfil
their unmet needs. Given this, people with disabilities who have ideas for new
products could benefit from co-designing with technically skilled persons.
To conclude, the high degree of product dissatisfaction among persons with
disabilities points to their potential of being lead users. However, being a lead
user additionally implies the creation of solutions that meet a wider market. To
further explore the role of people with disabilities as a source of innovation, we
explore which share of solutions co-designed to meet the needs of persons with
disabilities appeal to a broader commercial market.
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4.3 Method
4.3.1 Course description
The results described in this article were obtained through an annual course
(Design for (every)one) within the industrial design program at the University
College of Howest / University of Ghent, where students, in close collaboration
with persons with disabilities and other stakeholders, design assistive devices that
solve a very specific problem for their client with disabilities (Couvreur, 2016; De
Couvreur and Goossens, 2011).
This specific approach aligns with several project-based courses in modern design
curricula where there is a strong focus on involving persons with disabilities as
end users. For example, McDonagh and Thomas (2010) present Disability +
Relevant Design, Cassim (2007) The 48 Hour Inclusive Design Challenges,
Gheerawo and Lee (2009) present an inclusive design course at the Royal College
of Art, and Shiose (2012) discusses inclusive design workshops, where students
create products for a variety of persons with disabilities, keeping in mind broader
product use. As part of these courses, students are tasked to better understand
their target group, communicate their results, develop prototypes and evaluate
their products, simultaneously considering their user’s needs.
In this current example, teams consist out of (1) a randomly assigned user client
with a disability, (2) a caregiver, (3) an industrial design student, and (4) an
occupational therapy student or other stakeholders from the local rehabilitation
context. The entire co-design process takes approximately 12 weeks, during which
the group alternates between several situated participatory prototyping activities.
The cases (n=98) on which this study is based spans 6 years (from 2009 - 2015).
We emphasise that all the case studies were set up around single user-clients.
There was thus never any focus on wider commercial application, but rather to
meet a client’s unmet needs as communicated by them. Due to the open call
clients randomly ranged in age, gender and disability.
Furthermore, the effort within the course was not explicitly redesigning current
products to be more inclusive – i.e.: better suited for a wider audience of users,
including disabled users – but rather to develop a product that solves a specific
need that a person with disabilities may be experiencing. While this may
eventually include the incremental adaptation of products to be more usable, it
can also result in completely new interactions or radical products.
The learning goals of the students include empathising with disabled users,
learning how to prototype for social action (Kurvinen, 2007), and making
open-ended one-of-a-kind products (Mattelmäki, Brandt, and Vaajakallio, 2011).
Prototyping took place at the industrial design centre in Kortrijk. The
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infrastructure offers the design students a unique variety of prototyping
techniques such as laser cutting and 3d printing, to woodwork and small series
plastic moulding.
4.3.2 Assessing ideas
Central to this study is judging the commercial value of the solutions cocreated
by teams of designers, persons with disabilities and other stakeholders. To do so,
we used consumer judges. Consumers have been shown to be more capable than
experts in predicting market outcomes (Kornish and Ulrich, 2014), while
Magnusson, Wästlund, and Netz (2014) illustrated that consumer panels
(including both technically naïve and technically skilled users) performed
similarly when comparing experts’ and consumers’ relative scores. This was true
even with low inter-rater reliability.
Given this, we followed Magnusson, Wästlund, and Netz (2014)’s, approach by
asking technically naïve users to evaluate solutions. Classical models of user
innovation such as Rogers (2003) Diffusion of Innovations make a distinction
between levels of product adoption and consumer profiles. Leading edge
adopters (innovators, early adopters) are typically open to experiment with new
products and accept risk if products fail, and are less motivated by practical
considerations of new technologies (Moore, 2014). By contrast, the early and late
majority are slower to adopt.
Moore illustrates this principle, by arguing that large commercial success for
products rely on appealing not only to leading edge, visionary consumers, but
also to consumers who are more pragmatically interested products, which
includes the early majority and late majority consumers, and to a lesser degree,
laggards (Moore, 2014, Ch 2.). This adoption chasm (Moore, 2014) between early
adaptors and the early majority explains why some products fail to reach
widespread adoption.
As suggested by Magnusson, Wästlund, and Netz (2014), non-early adaptors tend
to be better at understanding the demand side of technology. Given that our goal
in this study is to understand larger commercial appeal we view such users as
appropriate judges.
An important characteristic of our consumer judges is thus that they should not
be at the vanguard of innovative behaviour. Similar to Magnusson, Wästlund, and
Netz (2014), to measure this we applied the Technology Readiness Index (TRI),
developed by Parasuraman (2000). The survey measures technical readiness
along 4 dimensions: optimism, innovativeness, discomfort and insecurity, where
optimism and innovativeness contribute to technical readiness and discomfort
and insecurity detract. We employed a limited 10-item version of the TRI
(Parasuraman and Colby, 2007; Victorino, Karniouchina, and Verma, 2009).
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BLOKFLUITHULP 1.8
In 2007 verloor Jan zijn 
linkerwijsvinger bij een 
zaagongeval, maar dit 
verhinderde hem niet om 
zijn hobby als blokfluit-
muzikant aan de kant te 
schuiven. Integendeel, 
Jan leerde opnieuw blok-
fluit spelen met de gewij-
zigde greep en balans in 
zijn dominante hand. Hij 
ging zelf actief op zoek 
naar hulpmiddelen om 
hem hierbij zo goed mo-
gelijk te helpen. Deze 
zoektocht leidde hem tot 
Design For Everyone, een 
samenwerkingsproject 
tussen studenten Indu-
strieel Ontwerp en Ergo-
therapie.
Het was Jan zijn wens om 
een hulpmiddel te vinden 
die hem de mogelijkheid 
biedt om verschillende 
blokfluiten te bespelen. 
Hij kan niet enkel de so-
praanblokfluit bespe-
len, maar ook de alt-, 
tenor- en basblokfluit. 
Belangrijke factoren bij 
het ontwikkelen van het 
blokfluithulpmiddel wa-
ren de luchtdichtheid van 
het gebruikte materiaal 
alsook de hoekverdraai-
ing van het hulpmiddel. 
Na vele uren prototypen 
en testen, hebben we een 
orthese ontwikkeld die 
makkelijk op de pink te 
bevestigen is, maar ook 
comfortabel aanvoelt. Het 
hulpmiddel laat toe dat 
Jan up tempo muziek-
stukken kan spelen zon-
der dat de het gewicht of 
de grootte van de orthese 
hem hindert tijdens het 
spelen. De orthese cor-
rigeert tevens mogelijke 
foutjes bij het positio-
neren van de pink die te 
wijten is aan krachtsver-
lies. Hierdoor wordt het 
(luchts)gaatje toch afge-




ken we toch een gemeen-
schappelijke visie bij de  
ontwikkeling van een 
hulpmiddel, namelijk het 
centraal plaatsen van de 
cliënt. De interactieve en 
enthousiaste samenwer-
king met Jan leidde tot 
een eindresultaat waar 
zowel Jan als het team 
zeer tevreden over is.
TEAM
CLIENT: Jan
IO: Julie Leirman, Sebastiaan Vernimmen 






Example solution given to our consumer judges to review
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All items were presented on a 5-item Likert scale. Scores could thus range
between -20 and +20. Items were randomised, as recommended by Parasuraman
(2000). Scores between 11 and 20 are ’highly technology ready’, while those
between 0 and 10 are ’somewhat ready’. Persons scoring between -10 and –1
“somewhat resistant” and –20 to –11 “highly resistant”.
Besides the selection of appropriate judges, our study relies on an instrument to
assess potential product re-use (i.e.: commercial value). Instruments to measure
the value of products or systems include the Technology Acceptance Model
(TAM) by Davis (1989), or the SAFE scale used by (Kumar and Noble, 2015)
which measures products along Social, Altruistic, Functional and Esthetic value.
Another example is Spears and Singh (2004) brand attitude and intention to
purchase survey, or the Product Specific Adoption Potential (PSAP) scale by De
Marez and Verleye (2004).
However, while these instruments have been widely used and validated, they are
usually employed as a tool in surveys to gauge a consumer’s personal interest to
buy specific products, or their personal interest in specific technologies, as
opposed to their opinion whether the product might be of value to others, with
large sample sizes used to review a few products. Given this, we instead prefer to
use a measure adapted from de Jong et al. (2015) on commercial viability for the
general market (i.e.: others): ’I think this innovation can become a valuable
commercial product to’ (1 = not; 2 = to a small market; 3 = to a reasonable market;
4 = to a substantial market). Given the concreteness of the construct we view a
single item as appropriate (see Bergkvist and Rossiter (2007) and Rossiter (2002)
for more on single vs multi-item scales).
Furthermore, judges were explicitly instructed to consider the product’s
commercial viability with non-disabled users in mind. As a result, solutions were
not evaluated on their perceived value or usability for persons with disabilities,
but rather their appeal to a broad audience.
Judges were recruited via a posted call on the University news portal. Inclusion
criteria were the lack of background in engineering, design or disciplines related
to product development. We closed the call after 5 judges applied. Before
agreeing to act as reviewers, judges were showed one example solution, given in
PDF form (see figure 4.1). After accepting, all judges were given a full version of
the 98 solutions as digital PDF. This contained a clear photograph of the solution
and a description of up to 300 words, which included details of the intended user,
their product needs, and how the solution meets these needs. Additionally,
judges were given an online form where individual scores could be provided for
each solution.
After submitting scores, judges completed the ten item TRI survey. We explicitly
asked judged to complete the TRI survey after they scored the solutions to
prevent judges from giving a response that would increase their perceived chance
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of being a judge. Of the five judges, three met our criteria of not being highly
technology ready, having scored between -10 and 10.
Inter-rater reliability was calculated using Krippendorff’s alpha (αk). Following
Landis and Koch (1977), αk values lower than 0.01 indicate “poor” agreement,
between 0.21 and 0.40 “fair”, between 0.41 and 0.60 “moderate”, 0.61 – 0.80
“substantial” and above 0.81 almost perfect. Our inter-rater reliability was αk 0.2.
Given this relatively low level of reliability, we repeated the analysis with only the
two judges most in agreement (with an αk of 0.35). As a result, we created a new
dummy variable “Commercial Value” containing the averages for the commercial
value as noted by our two consumer judges most in agreement. We did, however,
repeat our analysis with all three judges. The corresponding histogram can be
seen on page 251.
For all the scales used in our study, we employed a back-translating approach
(Maneesriwongul and Dixon, 2004) – by first translating all questions to Dutch
and then translating back to English. Results were compared for consistency,
with no significant errors found. Finally, we note that all scales and measures can
be found on page 241.
4.4 Results
4.4.1 Co-designed solutions
While all 98 reviewed product adaptations in this study aim to assist persons with
disabilities in accomplishing tasks that would otherwise prove challenging, not all
of the end results can be viewed as purely assistive devices. The student’s
description of their client’s needs emphasises their dissatisfaction with certain
products or common problems experienced by the client. This perspective unveils
product-interactions that are not ordinarily experienced by non-disabled users.
For example, persons who miss a limb may have difficulty interacting with many
commonly used general products. Kurt, for instance, enjoys cooking but is only
able to use only his left-hand in a controlled manner. One of his challenges is
being able to break an ordinary egg. To solve his problem, the co-design team
made a kitchen tool that can be attached to a surface via a sucker that allows Kurt
to break eggs. Another example for one handed use is a kitchen tool that can be
used by Frank – whose one arm is amputated - to wring out cloths without the
use of a second hand.
Other solutions created during the assignment may be attachments or
modifications of contemporary products that enable persons to perform their
activities with greater ease. For example, Anne, in a wheelchair enjoys painting
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Figure 4.2
A selection of solutions developed to meet the needs of persons with disabilities
but is limited in her subject matter because her easel is not mobile. To solve this,
the co-design team developed an easel that that can be attached to the wheelchair,
so the participant is free to paint in more locations.
Another participant, Lisa, lost a finger and as a result, cannot easily play the flute.
The co-design team developed a finger attachment that helps her close the
appropriate hole on the flute. Similarly, Daniel, who also has only one arm, likes
taking pictures, but common SLR cameras are usually intended for right-handed
use only. As a result, Daniel has difficulty using the camera. To meet his needs,
the co-design team made a camera attachment that allows Daniel to instead use
the camera shutter in the left side.
Finally, Marlene enjoys making puzzles but has difficulty with fine movements.
Consequently, puzzle pieces are often dropped on the ground and they are hard
to retrieve. To help her, students made a small finger attachable device with a
suction mechanism to easily pick up fallen pieces from the floor.
To further categorize all products, two researchers separately and individually
categorized all 98 products along 8 categories suggested by de Jong et al. (2015):
Tools & equipment; Sports hobby & Entertainment; Help, Care & Medical; Food
& Clothing; Household fixtures & furnishing; Children & Education; Transport &
Vehicle and; Other. After categorization, we calculated Krippendorff’s alpha (αk)
resulting in “moderate” agreement (αk = 0.59)(Landis and Koch, 1977).
Subsequently, the misjudged products were discussed to reach final mutual
agreement on product categories. As seen in figure 4.3 a majority of the products
fall into the category Tools & Equipment, with Sport, Hobby and Entertainment
following in second place.


































































































Percentages of solutions within each product category
4.4.2 Commercial Value
These descriptions illustrate that the needs of our sample of participants might
be felt by many persons – irrespective of whether they are disabled or not.
However, such needs may not necessarily be very acute for non-disabled people.
As a result, they may not come up with solutions to solve these needs. As our
descriptions reveal, such products might thus anecdotally be viewed as valuable.
As noted earlier, the results from our consumer review (I think this innovation
can become a valuable commercial product) was analyzed to explore whether this
holds true across our sample of products. Our dummy variable “Commercial
Value” contained the averages for the commercial value as noted by our two
consumer judges. The average score is 2.48. A histogram of our results is shown
in figure 4.4. We find an equal share of solutions either for a small or reasonable
market.
Overall, these results highlight that a significant portion of the products is viewed
as commercially valuable products by our consumer judges. Of further interest is
whether any product categories are significantly more likely to contain such
commercially valuable products.















































I think this innovation can 
become a valuable commercial product (to)
Figure 4.4
Histogram of judges scores’ on commercial value
To examine this, we performed a Kruskal-Wallis test, given that our data failed to
meet the Shapiro-Wilks test for normality (p<0.01). Our results indicate that
there are no significant differences: X2(7)= 5.35, p=0.62.
From this analysis, we interpret that products with higher commercial value are
not specifically found in one particular category. Repeating the Kruskal-Wallis
tests after removal of both small product categories “Transport and Vehicle” (n=3)
and “Children & Education” (n=7) similarly shows that no product category
scores significantly differently (X2(5)=3.26, p=0.66). The average commercial
value scores are shown in figure 4.5. However, given our extremely small sample
size per cell, we caution against over interpretation of the results. This is also
evidenced in the large 95% confidence interval for transportation (see figure 4.5).












































































































Error bars indicate 95% confidence interval
Scores accross product categories
Figure 4.5
Mean scores for commercial value within each product category
4.5 Discussion
We’ve questioned what share of co-created solutions to meet the needs of persons
with disabilities appeal to a large commercial market. We used three consumer
judges to review all products. Additionally, two co-authors classified all 98
products to examine if more commercial viability is likely within certain product
categories. Below we discuss the limitations and implications of our study,
concluding with proposals for future work.
4.5.1 Limitations
As with any study, ours contain some limitations. First, we used a limited panel
of three consumer judges. Our inter-rater reliability analysis also showed that the
reliability was “fair”, but far from “substantial” (Landis and Koch, 1977). While
low inter-rater reliability is not uncommon when asking non-experts as judges,
research has highlighted that consumers can act as appropriate judges, even if
their inter-rater reliability is low. For example, Magnusson, Wästlund, and Netz
(2014) notes αk values ranging between .095 and .116 for technically naïve judges
(indicating “slight” agreement), when asked to judge the originality, user value
and reproducibility of service ideas. Yet, despite low inter-rater reliability,
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technically naïve judges’ results were comparable in relative value to the scores
given by experts. Mollick and Nanda (2016) evaluated the appropriateness of
non-experts to evaluate theatre projects, similarly finding that they perform as
well as expert judges. Given these results, we still view or study as reliable.
Second, the cases analyzed in this sample has already been preselected prior to
analysis. While this selection happened well before the current study and cases
were not excluded due to their lack of commercial viability, there may still be
selection bias. This includes complex cases that can be realistically performed in
12 weeks, cases that require large-scale physical product solutions, or cases with
clients with cognitive impairments. As for our analysis of variance study, some
groups (Transport and Vehicle with 3 products or Children & Education with 7
products) were very small. The variation in group sizes can be partly explained by
the exclusion of cases that need large-scale prototyping. As such, results should
be interpreted with caution. However, repeated analysis with the removal of small
categories revealed similar results.
Finally, while it was not the intention of the study, our results do not allow
conclusions to be drawn on the relative value of the presented solutions when
compared with products that might have been created in co-creation with persons
without disabilities, because no direct comparisons could be made.
4.5.2 Implications
Despite limitations, our study proposes that the highly individual needs of our
sample of persons with disabilities can be translated through a co-design process
into solutions that can be of value to other non-disabled people. This is
notwithstanding the fact that they are generated with a single user (or often use
case) in mind.
Our study is novel both through explicitly examining the wider non-medical
applicability of solutions and the involvement of multiple stakeholders in the
design process. While previous efforts have illustrated the prevalence of
patient-driven innovation, focusing on medical solutions and coping strategies,
our solutions apply to a much wider use context, as is shown in figure 4.3.
First, from an educational perspective, the focus on people with disabilities as
target users appear valuable. Students physically encounter users with vastly
different needs and experiences than their own and as a result, are forced to
develop solutions that deviate from their everyday design practice. The direct
contact has an overall positive impact on all participants. They perceive the
tangible outcome of their design process as meaningful and impactful. In the
education program, participants often proudly showed their product adaptations
to their own community.
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Most prominently, and the focus of this study, these results are of interest
because they suggest that among persons with disabilities there are many explicit
needs that can be translated into solutions that meet the latent needs of
non-disabled people. As we’ve outlined above, lead user identification generally
relies on surveying large groups of persons to identify people scoring high on
both self-reported expected benefit and trend leadership. While this approach is
well developed and documented, the scarcity of lead users (Poetz and Prügl,
2010; von Hippel, Franke, and Prügl, 2009) makes it costly.
However, the identification of groups of people who are already more likely to
score highly on measures of expected benefit as a result of their general
dissatisfaction with current products, introduces a way to increase the sampling
efficiency. While we do not position our participants in this study as lead users,
we do find that the results suggest that it is possible for the needs of persons with
disabilities to be leading or ahead of trend . This aligns with our overall goal to
explore the potential of persons with disabilities as a source of product
innovation.
Finally, our results challenge the prevailing practice of designing first for people
without disabilities and only later adapting certain products to meet the needs of
persons with disabilities (Emiliani, 2006). As illustrated, there are many
instances where the needs of persons with disabilities have the potential to
translate to products that appeal to a large market. This partly aligns with
universal design approaches (Mcadams and Kostovich, 2011), but additionally
places the needs of people with disabilities at the forefront of new product
development. Here our results echo Raviselvam et al. (2016) who similarly
conclude that a focus on extraordinary users can result in solutions that appeal to
the general public.
4.5.3 Future research
We conclude with some general themes for future research. First, specifically
related to the role of persons with disabilities, we did not assess whether they will
outperform non-disabled persons in similar settings. For example, will solutions
co-created by non-disabled persons be similar in their potential for commercial
re-use and thus trend-leadership? While their higher degree of expected benefit
would suggest so, no empirical studies have thus far been done to explore this.
Another important topic raised by our results is the impact of co-designing on
product outcomes and specifically how lead users might benefit from access to
technical skills. The vast majority of users innovating do so individually (de Jong
et al., 2015; Ogawa and Pongtanalert, 2013) and correspondingly, much of the
research that exists on user-driven innovation has emphasised individuals. The
analysis presented in this chapter is the result of a co-design process that involved
multiple stakeholders. Teams were randomly assembled and it is of interest to
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understand what the impact of different personalities or skills might be on the
outcomes. This aligns well with recent work by Stock, von Hippel, and Gillert
(2016) who studied the impact of personality on the impact of idea generation,
realization and diffusion, concluding that different personality types can be
associated with different aspects of user-driven innovation.
Beyond this, our study focussed on the outcomes of co-creation, as opposed to the
process. We are thus not able to assess what the individual contribution of
designers, healthcare stakeholders or persons with disabilities was on the
outcomes.
More specific to the research aims of this thesis, the nature of our data did not
enable us to explore any other disability-related characteristics that might
plausibly have any impact on the co-creation outcomes. As our analysis
highlighted, many solutions appeal reasonable market or larger according to our
judges. Yet, many do not. Being able to further narrow down which people might
be a source of innovation is valuable. Aspects that could be relevant include the
disability type, the impact of the disability or disability duration.
In conclusion, the location of lead users is a challenge (Poetz and Prügl, 2010;
von Hippel, Franke, and Prügl, 2009). This exploratory study points to persons
with disabilities as a cohort of users with an increased likelihood being lead
users, most prominently through their greater degree of expected benefit, but
secondly by having needs that also appeal to others.
Chapter Summary
The highly individualised needs of persons with disabilities can also in many
cases appeal to a market of non-disabled persons.
The product domainswithinwhich personswith disabilities’ needs are unmet is
not only limited to health and medically related items but includes many others
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Chapter 5
Comparing Solution Development
Between Persons with and with-
out Disabilities
With this chapter we perform a direct comparison between persons with and without dis-
abilities. We build on our earlier assertion in chapter 4 that the solutions developed to
solve the needs of persons with disabilities can subsequently also meet the needs of the
broader market. While this points to the potential of focusing on the needs of persons with
disabilities, we lack a direct comparison between persons with and without disabilities.
RQ3: Do persons with disabilities and those without differ in their rate of solution develop-
ment and solution quality?
5.1 Introduction
In the preceding chapters, we have put forth our theoretical arguments why
persons with disabilities might be valuable sources of innovation. Our first study
in chapter 4 explored whether the solutions developed to meet the unmet needs
of persons with disabilities can also appeal to a market of persons without
disabilities. We examined the solutions developed through a co-creation process
with persons with disabilities and other stakeholders, reviewing these solutions
in light of their potential value to persons without disabilities, finding that a
significant ratio of developed solutions has a broader appeal.
These results hinted at the potential value that serving the needs of persons with
disabilities might have for other persons, but fails to achieve two very important
goals. First, we have not yet examined solutions developed by persons with
disabilities themselves (i.e.: solutions created without input from designers).
Most importantly, we have not yet compared solution development between
people with and without disabilities with respect to their frequency and quality.
5.2 Background and Hypothesis Development
Our rationale for this study has been extensively discussed in chapter 1 and
centres around the assertion that unmet needs act as a predictor of user
innovation (von Hippel, 1986; von Hippel, 2005b). While persons with
disabilities are often forced to use products that are ill-suited to their needs
(Emiliani, 2006; Federici, Meloni, and Borsci, 2016; Gray, Gould, and
Bickenbach, 2003; Morag, Heylighen, and Pintelon, 2016; Petersson, Lilja,
Hammel, and Kottorp, 2008), we have also asserted that their needs can be ahead
of trends and translated to solutions that appeal to a larger market. Early evidence
for this was presented in chapter 4. However, for persons with disabilities to be
valuable sources of innovation they themselves need to be capable of developing
solutions that also appeal to others and be more likely to do so.
The likelihood of developing a solution is an important step towards identifying
innovative individuals. National surveys previously showed that significant
efforts are being spent by consumers to develop a variety of solutions that satisfy
their own needs, with percentages of innovators ranging between 3.7% in Japan,
5.2% in the United States of America 6.4% in the United Kingdom (von Hippel,
Ogawa, and Jong, 2011). Relevantly for producers, consumers take little action to
protect their developed solutions, with free revealing often taking place, even if
little commercial diffusion happens (de Jong et al., 2015; von Hippel, Ogawa, and
Jong, 2011).
As we have introduced earlier, empirical studies have shown that user developed
solutions or ideas are commercially attractive and can outperform designer
developed solutions (Lilien et al., 2002; Nishikawa, Schreier, and Ogawa, 2013).
These studies thus clearly emphasise why it is of interest to know which people
are more likely to be engaged in some sort of innovative behaviour, beyond the
well-discussed relative scarcity of lead users (Kratzer, Lettl, Franke, and Gloor,
2016; Schreier and Prügl, 2008; von Hippel, Franke, and Prügl, 2009).
However, not all consumer developed solutions are of interest to others and as a
result it is important to assess the quality of the developed solutions, since it will
only be the best solutions that might be diffused commercially: ’in a real-life
situation, a company will be most interested in selecting the best ideas’
(Magnusson, Wästlund, and Netz, 2014).






Research model for the impact of disability and unmet needs on the likelihood of solution
development
This speaks to a potential problem when framing persons with disabilities as lead
users: while they might be experiencing many unmet needs (as previous research
indicates they do), their needs might be so niche that any developments have
little use beyond satisfying their own needs (or the needs of another person with
a disability). Any developed solutions might thus only appeal to them, or a
narrow share of their peers.
When developing some sort of assistive device, the limited re-use possibility of a
solution might thus not be a problem, as was the case with many examples given
in chapter 2 (table 2.1). However, as we discussed before, our aim is to evaluate
the potential of persons with disabilities as lead users for products that have
appeal to a larger market.
Given this, we should also find out whether the solutions they develop are of
higher quality. We will discuss our quality dimensions and how they were
measured in more depth in section 5.3.2. Concurrently, we need to take into
account the impact of unmet needs on both the likelihood and quality
dimensions, given its prominent place in research on user-driven innovation.
Hypothesis for Chapter 5
We propose the following hypothesis:
H1a andH1b (a) Disability and (b) unmet needs are significantly associated with
the likelihood of developing a solution.
H2a, H2b, H2c: Disability is significantly positively associated with the (a) user
value, (b) originality and (c) general value of developed solutions.
H3a, H3b, H3c: Unmet needs are significantly positively associated with the (a)
user value, (b) originality and (c) general value of developed solutions.
We will discuss our rationale for our three quality dimensions in more detail in
section 5.3.2, including how these were measured. A summary of our research
hypothesis can be viewed in figure 5.1 and 5.2.








Research model for the impact of disability and unmet needs on our three quality measures
5.3 Method
Below we discuss our data collection method, independent and dependent
variables. A complete overview of measures, scales and questions can be viewed
on page 241.
5.3.1 Data collection
The current study uses two sets of data. First, we needed a response from
persons with disabilities. This includes persons who are either 1) physically
disabled 2) visually impaired 3) deaf or hard of hearing 4) suffering from a
systemic health condition, a categorisation previously suggested by Martin,
Martin, Stumbo, and Morrill (2011). Systemic health conditions refer to a
combination of health issues that might result in various disabilities.
As recommended by Rhodes (2003), we distributed a link to the survey via mail
to relevant organisations and web forums, who subsequently distributed the
survey to their respective members via social media platforms or newsletters.
This yielded 178 respondents. Web surveys are especially useful for persons with
disabilities because it enables them to respond in their own time while using
their own preferred accessibility software such as screen readers (Mitchell,
Ciemnecki, CyBulski, and Markesich, 2006).
The second sample focusses on non-disabled users. Similar to related studies, we
used a convenience sample (Faullant, Schwarz, Krajger, and Breitenecker, 2012;
Schweitzer, Gassmann, and Rau, 2014). To recruit participants, we placed a
general call for participation on the university news portal and social media
channel. Similar to Stock, von Hippel, and Gillert (2016) we additionally applied
a snowballing technique by asking acquaintances to forward the survey to friends
and family.
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Participants were offered the chance of winning a cinema ticket for their
participation. This yielded 191 respondents or a total of 369 respondents for both
disabled and non-disabled persons. Because the exact number of participants
who meet our inclusion criteria and were exposed to our survey call is unknown,
we are unable to calculate a response rate.
A common strategy to assess non-response bias is to compare the first and last
quartile of respondents (Rogelberg and Stanton, 2007). However, because
different organisations distributed the survey at different moments, our survey
results are not in strict chronological order, making comparisons between first
and last quartiles of responders impossible.
A potential sample bias risk would be that people who think they have not
developed a solution are not inclined to participate, resulting in a much larger
proportion of persons who report a solution. To negate some of this bias, the
survey was introduced as studying general product satisfaction and not
user-driven innovation or solution development. Specific questions about any
solution development were asked later in the survey, to prevent people who
haven’t made anything from not filling in the questionnaire.
For both samples, we followed an identical procedure, with the exception that
persons with disabilities were asked additional questions about the nature of
their disability and whether they are members of any associations for disabled
people. More specifically, participants were asked: ’Have you ever MADE or
MODIFIED something for yourself? A product, or thing that helped you with a
limitation or problem? If you only had an IDEA for a product and did not make
or modify something answer NO’. Participants providing a positive answer to the
question above where subsequently prompted to describe their modified or made
product. ’Can you describe your MODIFIED or MADE product?’
Similar to Stock, von Hippel, and Gillert (2016) we thus chose to elicit solutions
from a wide variety of domains, i.e.: not focused on one category of goods such as
sports equipment or clothing. We did this to ensure that we can collect a wide
sample of solutions for both groups and across multiple product domains. This
approach is also comparable to national surveys performed on the prevalence of
consumer innovators (von Hippel, Ogawa, and Jong, 2011). We explicitly asked
participants to describe solutions and not ideas, where solutions refer to products
or prototypes that have been materialised.
5.3.2 Measures
Measuring solution quality
Lead users’ solutions should be of high quality but also appeal to a large market.
To assess this we recruited consumer judges to evaluate all submitted solutions.
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Several studies have previously shown that consumer judges can be appropriate
proxies for experts when judging novel concepts (Kornish and Ulrich, 2014;
Magnusson, Wästlund, and Netz, 2014; Mollick and Nanda, 2016).
We recruited our judges by posting a call via the University news portal. We
excluded persons with a background in engineering, design or disciplines
associated with product development. Given the length and complexity of the
task, consumer judges were rewarded with a cinema ticket for their efforts.
Out of 369 participants, 116 initially reported having developed some kind of
materialised solution. Of these, 99 were judged detailed enough for further
consideration. Solutions were excluded if they lacked any novel user created
solution (’I bought an e-reader so I can continue reading with extra-large letters’)
or did not adequately describe a solution in order for it to be assessed (’modified
shoes’). These results were subsequently given to judges as a randomised list of
99 solutions and if necessary, a description of the participants’ disability. The
underlying goal of the study was not communicated to the judges. They were
asked to assess the solutions using the Consensual Assessment Technique (CAT)
(Amabile, 1996; Baer, Kaufman, and Gentile, 2004).
Usually, judges give scores between 1 and 5 on one or more attributes, including
1) Originality, 2) User Value and 3) Producibility (Kristensson, Magnusson, and
Matthing, 2002) or 1) Originality, 2) Value, and 3) Realization(Kristensson,
Gustafsson, and Archer, 2004). Given that the solutions in our sample were
already developed, we selected two attributes: Originality and User Value, judged
on a scale of 1 to 5. Originality thus refers to how unique a solution might be (“1 –
not original at all” to “5 – very original”). User value relates to the degree to which
a solution is of benefit to users (“1 - no user value” to “5 - great value for users”).
This method of assessment has often been used in similar studies where
user-generated solutions are evaluated (Duverger, 2012b; Kristensson,
Gustafsson, and Archer, 2004; Kristensson, Magnusson, and Matthing, 2002;
Magnusson, 2009).
To assess the general value of these 99 solutions, we used two measures from
de Jong et al. (2015). First, we asked our consumer judges to separately and
individually score all solutions on their value to other people across two
dimensions: market value and commercial value. Market value was assessed by
asking: This innovation would be of value to other people (1 = to none, 2 = to few,
3 = to many, 4 = to (nearly) all).
The commercial value was assessed by asking whether they think this innovation
can become a valuable commercial product (1 = not, 2 = to a small market, 3 = to a
reasonable market, 4 = to a substantial market). We emphasise that judges were
specifically asked to rate both commercial and market value for non-disabled
persons (i.e.: consider the market as a whole).
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Finally, we asked respondents to complete a survey related to their technological
readiness to prevent judges from being at the forefront of technology trends. This
procedure was already discussed at length in chapter 4, but we briefly repeat it
here, and our rationale for doing so.
We used the Technology Readiness Index (TRI) developed by Parasuraman
(2000). The TRI measures technical readiness along 4 dimensions, optimism,
innovativeness, discomfort and insecurity, where optimism and innovativeness
contribute to technical readiness and discomfort and insecurity detract. Similar
to Liljander, Gillberg, Gummerus, and van Riel (2006) we employed a limited 10
item version of the TRI (Parasuraman and Colby, 2007).
Items were presented on a 5 point Likert scale. Total scores for respondents could
thus range between -20 and +20. Items were randomised, as recommended by
Parasuraman (2000). Scores between 11 and 20 are ’highly technology ready’,
while those between 0 and 10 are ’somewhat ready’. Persons scoring between -10
and –1 ’somewhat resistant’ and –20 to –11 ’highly resistant’. None of the three
judges scored more than 10.
This followed the approach suggested by Magnusson, Wästlund, and Netz (2014),
by asking technically naïve users to evaluate solutions. Classical models of user
innovation such as Diffusion of Innovation by Rogers (2003) make a distinction
between levels of product adoption and consumer profiles. Leading edge
adopters (innovators, early adopters) are typically open to experiment with new
products and accept risk if products fail, and are less motivated by practical
considerations of new technologies (Moore, 2014). Magnusson, Wästlund, and
Netz (2014) argued that non-early adaptors tend to be better at understanding the
demand side of technology. Given that our goal in this study is to understand
larger commercial appeal we view such users as appropriate judges.
To assess inter-rater reliability, we calculated Krippendorf’s alpha (αk) for all four
scales judged by our three judges. Results between all three consumer judges
indicate that inter-rater reliability ranges between ’slight’ with αk0.16 (originality)
and αk0.14 (user value) and ’fair’ with αk0.24 (commercial value) and αk0.2
(personal value). Inter-rater agreement thus fail to reach “substantial” levels as
seen with Schweisfurth (2017) but surpassed similar studies (Kornish and Ulrich,
2014; Magnusson, Wästlund, and Netz, 2014).
Nevertheless, despite the low inter-rater agreement, consumers have been shown
to be more capable than experts in predicting market outcomes (Kornish and
Ulrich, 2014), while Magnusson, Wästlund, and Netz (2014) illustrated that they
performed similarly when comparing the ranked score between experts and
consumers, even at low inter-rater reliability. Given this, we calculated averages
for solution originality and solution user value across all judges. We also
calculated a third independent variable, general commercial value, containing the
averages for both market value and commercial value across all three judges. In
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our results, we will also present extra steps taken to analyse the data in the light
of low inter-rater reliability.
Control, independent and other variables
As far as possible we used established measures as part of our survey. To
measure unmet needs, we used a single item measure, derived from Franke and
Shah (2003) and Stock, von Hippel, and Gillert (2016). Participants were asked to
indicate on a 7-point Likert scale whether they agreed with the following
statement: ’I frequently have needs which are not covered by the products
currently offered on the market’.
In line with comparable studies on user-driven innovation, we also asked about
respondents’ age, gender, employment status and level of education
(Schweisfurth, 2017). To measure employment status, we asked participants to
select one of the following: working, houseman/housewife, student, job seeker,
volunteer, retired, not working or other. We coded all participants who indicated
that they were working as employed, while the remainder were coded as being
unemployed. To the assess level of education we asked participants to choose
between: none, primary education, higher secondary education, higher
non-university education or university education. Participants with higher
non-university educated and university educated were coded as having an
academic degree.
Beyond that, we also questioned the impact of the solution on a participant’s
quality of life. To do so, we used two single measures from Oliveira, Zejnilovic,
Canhão, and von Hippel (2015), asking respondents to indicate what their quality
of life was before they developed their solution, followed by the quality of life
impact after they developed their solution: ’What was your overall quality of life
after you started using the solution that you developed’ (1- extremely bad; to 7–
extremely good; Likert scale) and ’What was your overall quality of life before you
developed your solution’ (1- extremely bad; to 7– extremely good; Likert scale).
As Oliveira, Zejnilovic, Canhão, and von Hippel (2015) have done, we subtracted
the pre-solution quality of life from the post-solution quality of life. This resulted
in a quality of life difference, which measures solution impact. Respondents were
asked if, and how, they shared their solution with others.
Finally, given that we used a snowballing technique that is comparable to other
studies in this domain, we also wanted to avoid the creation of a sample bias, or
at minimum be able to repeat the analysis with the removal of the first persons in
the response chain. To do so, we asked respondents to indicate if they personally
know the researchers.

































I have needs not currently met by the market
Figure 5.3
Density plot of the level of unmet needs per cohort. Persons with disabilities report signifi-
cantly higher levels of unmet needs
Participants completed the survey in Dutch. For all of the scales in our study, we
used a back-translating approach (Maneesriwongul and Dixon, 2004).
5.4 Results
5.4.1 Descriptive statistics
Across the OECD, people with disabilities are more likely to be older and
unemployed (OECD, 2010, Chapter 1). Welch’s t-tests also highlighted this
finding, with persons with disabilities being both older (t=-7.62, df=344.07,
p<0.01) and less likely to be currently employed (t=2.80, df=366.67, p<0.01).
Paired sample t-tests reveal that both people with and without disabilities see a
significant increase in quality of life after solution development, with persons
with disabilities indicating a much larger effect size (t=-11.25 df=79, p<0.01) than
people without (t=-5.55, df=51, p<0.01). Correspondingly, as shown in figure 5.5,
there is a significant difference between the degree of impact of developed
solutions (t=-3.89, df=122.65, p<0.01) for each group, with persons with
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disabilities having a quality of life difference of 1.75, compared with a score of
0.88 for persons without disabilities.
We find no significant differences between the likelihood of solution sharing for
either cohort, with persons with disabilities slightly more likely to share their
solution with others, but not significantly so (t=1.53, df=122.84, p=0.13). Welch
t-tests comparing the sum of standardised measures for user value, originality
and general value (i.e.: overall solution quality) and solution sharing similarly
finds that participants are not more likely to share their solution if it is judged
highly by our consumer judges (t=0.34, df=25.68, p<0.53). Examining whether
the self-reported quality of life impact has any impact on sharing, we similarly




























Error bars indicate 95% confidence interval
Means for Unmet Needs
Figure 5.4
Levels of unmet needs per cohort, viewed in aggregate
Clear evidence for the impact of disability on unmet needs can be seen in figure
5.3, showing people with disabilities agreeing much more with the statement ’I
have needs not currently met by the market’, compared with persons without
disabilities (t=-5.73, df=261.34,p<0.01). Figure 5.4 shows the results in aggregate.
Turning to our two-tailed Pearson correlation analysis presented in table 5.1 we
also find early evidence for an association between disability and solution quality,
with user value (r=0.55, p<0.01), originality (r=0.34, p<0.01) and general value
(r=0.22, p=0.03) all significantly positively associated with disability. The
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N Mean St. Dev. I II III IV V VI VII VIII
Solution development (I) 369 0.27 0.44
User Value (II) † 99 3.42 0.67 -
Originality (III) † 99 2.48 0.85 - 0.56**
General Value (IV) † 99 2.34 0.45 - 0.72** 0.47**
Gender (V) 369 0.40 0.49 0.07 0.09 0.05 0.17
Age (VI) 369 36.68 14.88 0.04 0.14 -0.02 0.24* 0.16**
Academic Degree (VII) 369 0.62 0.49 0.12* -0.18 -0.19 -0.06 0.05 0.05
Disability (VIII) 369 0.48 0.50 0.13* 0.55** 0.34** 0.22* 0.05 0.37** -0.05
Unmet needs (IX) 369 4.04 1.72 0.18** 0.22* 0.18 0.25* 0.06 0.19** 0 0.29**
Notes:
†: Concerns limited sample with only developed solutions
*p<0.5; **p<0.01
Table only includes measures used in our regression analysis
Table 5.1








































likelihood of developing a solution is similarly positively correlated with disability
(r=0.12, p=0.02) and unmet needs (r=0.18, p<0.01).
As an initial exploration of the role of disability on the likelihood of solution
development, we performed a chi-square analysis1. We found a positive
relationship between solution development and disability, with people with
disabilities much more likely to report having developed a solution (X2=11.83,
p<0.01). After removal of non-solutions, we similarly find a positive association
between solution development and disability (X2= 5.25, p=0.02). Our correlation
table also finds support for H2a, b and c, with unmet needs being associated with
all three measures of solution quality.
5.4.2 Likelihood of generating a solution
Following our descriptive statistics, we continue with testing for Hypothesis 1a
and 1b. To do so, we fit three hierarchical models. In all cases, we report
Nagelkerke’s R2 along with Akaike Information Criterion (AIC) (Akaike, 1987)
and -2 Log Likelihood. Nagelkerke’s R2 is a pseudo R2 indicator that shows the
overall strength of association in the model, where higher numbers indicate that
more variance is explained. -2 Log Likelihood (-2LL), similar to AIC enable us to
estimate relative model fit, where lower values in both cases indicate better model
fit. Both AIC and -2LL) should thus be interpreted relative to each other.
Additionally, for each predictor, we report, β, exp(B) and levels of significance. As
is common with regression models, we define our cut-off for statistical
significance at p<0.1 (Oliveira, Zejnilovic, Canhão, and von Hippel, 2015;
Schuhmacher and Kuester, 2012; Schweisfurth and Raasch, 2015; Schweitzer,
Gassmann, and Rau, 2014).
Model 1a is an intercept-only model containing no predictors. This null-model is
used to compare any successive models. Following this, we include our three
control variables: age, gender and academic degree. These results can be seen in
Model 1b and indicate that none of the control variables is significantly associated
with solution development likelihood. Nagelkerke R2 is correspondingly low,
with only 2% of the variance explained and overall our model is not significant.
Model 1c includes two more predictors, disability and unmet needs. Both have a
significant impact, as suggested by our correlation table. Persons with a disability
are 1.57 times more likely to submit a solution (p=0.09), while a one-point
increase in unmet needs raises the odds by 1.25 (p<0.01). Academic degree
ownership is an additionally significant predictor of solution development
exp(0.66)=1.88 (p=0.02).
1A selection of solutions can be found on page 164



































fe Error bars indicate 95% confidence interval
Impact of Solution on Quality of Life
Figure 5.5


































































Comparing the likelihood of solution development of both persons with and without dis-
abilities across our full and reduced sample
















































































Comparing the solution quality of disabled and non-disabled users, comparing user value,
originality, general commercial value and overall solution score at similar levels of unmet
needs between persons with and without disabilities
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Our model diagnostics indicate no issues.2 We found only 1 problematic residual,
well below the 5% threshold. Our maximum Cooks distance, at 0.02, is also not
problematic, while our VIF values suggest no issues of multicollinearity, with a
maximum of 1.21.
Recall that we relied on snowball sampling to recruit participants. This is a
common method within this domain (i.e.: see Schweisfurth, 2017). However, in
our particular case, our first link in the chain consisted mostly of designers and
engineers. This particular group of persons have previously been shown to be
more likely to innovate (de Jong et al., 2015; von Hippel, Ogawa, and Jong, 2011)
and as a result, our sample might thus be biased.
Such first order respondents were asked to indicate whether they knew one of the
researchers, thus allowing us to repeat all the analysis with the removal of these
respondents. Our results (available in the appendix on page 248) supports our
findings, with both disability exp(0.74)=2.11 (p<0.01) and unmet needs
exp(0.21)=1.23 (p<0.01) remaining significant predictors of solution development
likelihood.
Figure 5.6 visualises our results, showing that for both the reduced sample and
the full sample, persons with disabilities are more likely to generate a solution, at
similar levels of unmet needs. As might be expected of our biased sample of
more designers and engineers, the effect of disability is more pronounced than in
the reduced sample. Examining table 5.3 and B.5 we thus find support for both
H1a and H1b.
5.4.3 Quality of generated solutions
In addition to the impact of disability on the likelihood of solution development,
we question what the impact of disability is on the quality of the developed
solutions, measuring both the general value of the solutions to others, as well as
their user value and originality. As before, we include age, gender and academic
degree as control variables, along with our independent variables unmet needs
and disability.
We also report R2 along with adjusted R2. While R2 indicates model fit regardless
of individual variable significance and will thus increase with any additional
variables added, adjusted R2 assesses model variance taking only into
consideration significant variables.
We include the F statistic for the overall model, indicating model significance.
For all models, we report unstandardised B, β and p-values for each variable and
2See page 23 for more detailed information about model diagnostics.
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Likelihood of solution development for full sample
Model 1a Model 1b Model 1c
B exp(B) p B exp(B) p B exp(B) p
Control Variables
Gender 1 0.29 1.34 0.24 0.29 1.33 0.25
Age 0.004 1 0.63 -0.01 0.99 0.47
Academic Degree2 0.57 1.77 0.03** 0.63 1.88 0.02**
Independent Variables
Disabled 0.45 1.57 0.09*
Unmet Needs 0.22 1.25 <0.01***
Constant -1 0.19 <0.01*** -1.64 <0.01*** -2.47 0.08 <0.01***
Observations 369 369 369
Nagelkerke R2 0.029 0.086
-2 Log Likelihood 429.18 421.78 406.62
Akaike Inf. Crit. 431.19 429.78 418.62
Model significance 0.06* <0.01***
Notes
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table 5.3









































Solution User Value Solution Originality Solution General Value
Model 2a Model 2b Model 2c
B β p B β p B β p
Gender1 0.20 0.15 0.10* 0.23 0.14 0.18 0.15 0.16 0.12
Age 0.00 -0.01 0.93 -0.01 -0.15 0.16 0.00 0.13 0.24
Academic Degree2 -0.05 -0.03 0.72 -0.21 -0.11 0.28 0.00 0.00 0.98
Disability 0.73 0.54 <0.01*** 0.54 0.32 <0.01*** 0.15 0.16 0.12
Unmet Needs 0.04 0.09 0.34 0.06 0.12 0.21 0.05 0.18 0.10*
Constant 2.79 <0.01*** 2.53 <0.01*** 1.81 <0.01***
Observations 99 99 99
R2 0.33 0.16 0.14
Adjusted R2 0.3 0.12 0.09
Residual Std. Error (df = 93) 0.56 0.8 0.43
F Statistic (df = 5; 93) 9.35*** 3.57*** 2.94**
Notes
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table 5.5








































again set our level of significance at p=0.1.Table 5.5 shows the results for our
analysis.
First, for user value, only gender has a significant impact, while our variable of
main interest, disability, results in a 0.73 increase in user value (p<0.01). Our
overall model is significant and explains 30% of variance, with adjusted R2 at 0.3.
Model 2b, with solution originality as the outcome variable, also finds a
significant effect for disability, with persons with a disability scoring 0.54 higher
(p<0.01). No other predictors are significant. As indicated by our R2 value of
0.12, 12% of variance is explained by our model.
Our final model, Model 2c, shows that of our independent variables, only unmet
needs are significantly associated with general value (p=0.1), with a unit increase
in unmet needs translating to 0.05 increase in general value. Again, the model
significance is below our threshold and our model explains 14% of variance.
Figure 5.7 visualises our results.
To assess the robustness of our models, we finally proceed with a series of model
diagnostics. For all three models, we find that VIF is well below 2, with
maximum values of 1.18 for disability. This suggests that we have no serious
issues with multicollinearity.
For Model 2a, we have 4 standardised residuals that exceed ±2 (4.04%), while our
maximum Cooks value is 0.06. Model 2b is similarly satisfactory, with only 2
residuals exceeding 2 (2.02%) and a maximum Cooks value of 0.05, which is also
within the recommended range of below 1.3
While Model 2c has an acceptable Cooks value of 0.09, we overstep the
recommended level of 5% for standardised residuals exceeding 2 or -2, with 6
cases with large residuals (6.06%). Subsequent inspection of the data reveals that
the two largest deviations include one case with a standardised residual value of
-2.79 and a second with -2.65. A repeated linear regression after removal of these
two outliers with general value as the outcome, reveals no significant changes to
the results, with disability again failing to reach significance (β=0.11, p=0.32) and
unmet needs remaining a significant predictor (β=0.22, p=0.04). Given these
results, we remain confident in the overall reliability of Model 2c
Finally, as before, we repeat the analysis with the removal of our first order
participants. This reduced sample contains 86 developed solutions. This linear
regression analysis, available in the appendix on page 249, finds that disability is
a significant predictor of solution user value (β=0.54, p<0.01) and solution
originality (β=0.51, p=0.02), while having no effect on general value (β=0.12,
3See page 23 for more detailed information about model diagnostics.















Error bars indicate 95% confidence interval
Comparing quality indicators of developed solutions
Figure 5.8
Differences in quality indicators (user value, originality and general value) across our two
samples
p=0.31), not deviating from the results of our full sample. Our potential sample
bias thus does not have a significant impact on our outcomes.
Our low inter-rater reliability for this particular study is of significant concern. To
assess whether our results are not caused by one particular judge giving
especially high scores in any given category, we subsequently performed 9
separate and individual linear regressions with gender, age, academic degree as
control variables and disability and unmet needs is independent predictors (i.e.:
identical to the analysis in table 5.5).
Given space concerns, we only present the results of our most relevant predictor,
disability. As shown in table 5.7, we find that only for Judge 2 (originality) and for
Judge 3 (general value) our results vary. As a result, we feel confident in our
assessment of disability as a significant predictor variable.
Furthermore, with regards to low inter-rater reliability, Magnusson, Wästlund,
and Netz (2014) showed that while reliability between consumer judges in their
assessment was low (ranging between αk 0.1, αk0.13 and αk0.12), when ranking
the outcome of their assessments (i.e.: composing an index of best to worst ideas)
consumers performed as well as experts. To further assess the impact of
disability on solution quality, we thus repeated our analysis, with the solution
rank as the outcome variable.
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Judge 1 Judge 2 Judge 3
Unstandardised B Unstandardised B Unstandardised B
Disability B User Value 0.84*** 0.35** 1.00***
Disability B Originality 0.61** 0.22† 0.79***
Disability B General Value -0.2 0.19 0.43***†
Notes:
*p<0.1; **p<0.05; ***p<0.01
†: Unstandardised B significance deviating from results in table 5.5
Unstandardised B values for disability only
Table 5.7
Results for individual linear regressions for each judge separately with regards to user
value, originality and general value, displaying only disability as predictor
To do so, we first summed the standardised variable scores for user value,
originality and general value. These were subsequently ranked from 1 to 99. Ties
were averaged. We used the resulting variable, solution rank, as the outcome
variable in a regression analysis, keeping the same predictors as before (gender,
age, academic degree, disability and unmet needs). This regression, available in
the appendix as table B.1, confirms our finding that disability is a significant
predictor of solution quality (β=0.39, p<0.01).
5.5 Discussion
This study questioned the role of people with disabilities as sources of
innovation, most prominently comparing the likelihood of solution development
and the quality of solutions. We used a sample of 178 people with disabilities and
195 non-disabled persons, for a total of 369 participants. Our results indicate that
persons with disabilities are more likely to be engaged in solution development,
that their solutions are of higher user value and more original, while equal in
their general commercial value, as judged by our panel of consumer judges.
Below we discuss some important implications of this study, followed by
limitations and future work.
5.5.1 Implications
Our study reveals some interesting results. Briefly touched on in our exploratory
descriptive results, and not part of our research hypothesis, we find that
regardless of the judged quality of solutions, people with disabilities report that
their solutions have a higher impact on their quality of life (QOL). While we are
unable to disentangle the reasons for this significant increase, it is clear that the
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Hypothesis Outcome
H1a: Disability is positively associated with solution development likelihood Supported
H1b: Unmet needs are positively associated with solution development likelihood Supported
H1c: Disability is positively associated with solution user value Supported
H2a: Disability is positively associated with solution originality Supported
H2b: Disability is positively associated with solution general value Not supported
H2c: Unmet needs positively associated with ideas of higher quality Supported
Table 5.8
Hypothesis evaluated in chapter 5
ability to make things that meet various unmet needs is of important and
significant personal value to people with disabilities, much more so than for
persons without. It is worth considering various efforts that might further assist
people in solution development, similar to the course discussed in chapter 4.
Important aspects to think about include making various tools and techniques
available to people, while also connecting those with ideas with people who can
realise these ideas.
With regards to the diffusion of solutions, our results align with other studies in
this domain (de Jong et al., 2015; Stock, von Hippel, and Gillert, 2016;
von Hippel, Ogawa, and Jong, 2011): innovators freely reveal their solutions to
others, but take little or no efforts to share these commercially. For producers,
this thus presents both a challenge and an opportunity. Given that free revealing
is the norm and there is little interest in commercialisation, it is possible for
firms to benefit from developed solutions. However, finding who developed
something is much more of a challenge, because there is limited diffusion
beyond immediate friends and family.
Beyond the quality of life (QOL) impact and diffusion, our main aim in this
chapter was empirically exploring the difference in solution quality between
disabled and non-disabled persons. First, in line with the lead user theory, our
results strengthen the notion that unmet needs, i.e.: expected benefit, can be
associated with solution development, and that consumers can be sources of
innovation. As our results show, this remains true both for persons with and
without disabilities. However, within our sample, persons with disabilities
reported higher levels of unmet needs than among non-disabled persons. These
results are expected, given the previous research which indicated that persons
with disabilities often have increased levels of dissatisfaction with products and
services (Emiliani, 2006; Federici, Meloni, and Borsci, 2016; Gray, Gould, and
Bickenbach, 2003; Morag, Heylighen, and Pintelon, 2016; Petersson, Lilja,
Hammel, and Kottorp, 2008).
Generally, persons with disabilities were more likely to be engaged in solution
development, which supports H1a. However, at similar levels of unmet needs
129 5. COMPARING SOLUTION DEVELOPMENT BETWEEN PERSONS WITH AND WITHOUT DISABILITIES
persons with disabilities are more likely to develop a solution, when compared
with persons without, as demonstrated in table 5.3 and figure 5.6, with disability
thus acting as a better predictor of solution development than unmet needs alone.
Nonetheless, while disability thus appears as a strong predictor of people being
engaged in some sort of solution development, our results also show that not all
persons with disabilities are engaged in solution development, with a large share
of non-disabled persons also making something to solve their unmet needs.
Turning to the quality dimensions of solutions, we similarly find that disability
can be associated with higher user value and originality, again at similar levels of
unmet needs as depicted in figure 5.7, while failing to reach significance for
general value. However, failure to be more generally valuable, in the light of
increased solution development likelihood, can still be viewed favourably. All
other things being equal, a sample of persons with disabilities are thus more
likely to have developed solutions of value, given their higher incidence of
solution development. In doing so, we contribute to a central question within
lead user research, effective location of lead users (Poetz and Prügl, 2010;
von Hippel, Franke, and Prügl, 2009).
5.5.2 Limitations
To enable a sufficient sample size, we chose not to limit our solutions within one
product domain. This is in line with related studies on user-driven innovation
(Schweisfurth, 2017; Stock, von Hippel, and Gillert, 2016), but it does limit the
applicability of our results since it remains unclear how persons with disabilities
might perform in different product domains when compared to their
non-disabled peers.
In relation to this, we focused on materialised solutions and not ideas. The
threshold for having an idea is much lower than for developing something (Tietz,
Morrison, Luthje, and Herstatt, 2005). Developing a solution, by contrast, is
costlier, and involves tools and materials. These increased costs have an adverse
effect on the likelihood of user-driven innovation occurring (Baldwin and
von Hippel, 2011), with user innovators typically having less access to resources
than producers (Franke and Shah, 2003). This also limits our results.
A third limitation is our sample. In the case of persons with disabilities, we
distributed our survey first to organizations associated with persons with
disabilities, who subsequently redistributed it via their social media or email
channels to their members. As a result, our survey may have attracted persons
with higher community engagement. While none of the organizations was
product domain specific, it is possible that higher community engagement might
translate to a higher likelihood of solution development. As such, we cannot be
sure that our disabled user subsample represents persons with disabilities in
general.
5. COMPARING SOLUTION DEVELOPMENT BETWEEN PERSONS WITH AND WITHOUT DISABILITIES 130
More generally, while we lack recent data to compare the level of internet use by
persons with disabilities when compared with persons without, research suggests
that a digital divide exists (Duplaga, 2017). Given this, it is plausible that a
selection bias exists in our dataset for persons with disabilities. Additionally,
given that we distributed our survey to non-disabled persons through our
university portal and via a snowballing technique, here too it is possible that our
underlying sample of non-disabled persons is not representative for the general
population.
Finally, we used consumer judges to assess solutions. Solutions were not
specifically centred around one particular product domain and as such our judges
may not have had knowledge of some of the product domains presented, which
may have contributed to lower inter-rater reliability. In relation to this, how
results were measured might influence results. For example, pictures of a
solution might elicit different scores from judges, while there is the risk that
incomplete solution descriptions might similarly impact our scores.
To explore the impact of low inter-rater reliability on our results, we repeated our
analysis for each judge individually, leading to broadly similar conclusions. As
recommended by Magnusson, Wästlund, and Netz (2014) we additionally
examined the ranked order of our solutions, revealing similar effects for disability.
5.5.3 Future work
To conclude, this chapter presents important and valuable results pointing
towards persons with disabilities as a source of innovation. Whereas chapter 4
suggested as much, we could not compare persons with and without disabilities.
Additionally, we have not yet examined if there are factors that relate to disability
itself that might be further associated with solution development. For these
result, we turn to chapter 6 and 7 respectively, where we will look more closely at
idea generation and solution development by persons with disabilities.
Chapter Summary
Persons with disabilities have increased degrees of unmet needs.
Solutions developed by persons with disabilities have a higher impact on their
self-reported quality of life than those developed by people without disabilities.
Persons with disabilities are more likely to develop solutions, at similar levels
of unmet needs when compared to persons without disabilities.
The solutions developed by persons with disabilities are both more original and
of higher user value than persons without disabilities, at similar levels of unmet
needs.
Disability has no significant impact on the general value of solutions, at similar
levels of unmet needs.
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Chapter 6
Idea Generation by Persons with
Disabilities
Having established that persons with disabilities are more likely to be involved in solution
development, we now turn our attention to idea generation, introducing two disability-
related attributes disability influence and disability duration, both hypothesised as being
positively associated with idea generation likelihood and idea quality.
RQ4.1: Which disability-related attributes are predictors of idea generation within a cohort
of persons with disabilities?
6.1 Introduction
In chapter 5 we have established that people with disabilities are more likely to be
engaged in some sort of solution development activity than persons without
disabilities. Their solutions are both more original, of higher user value, while
being of similar general value, as rated by our consumer judges.
However, this does not answer whether any attributes within our cohort of people
with disabilities are more likely to be associated with high-quality ideas and
which persons among our sample are more likely to generate an idea. Similar to
how it is of interest, in general, to understand which proxy characteristics can be
associated with lead users in general (Schreier and Prügl, 2008), it is also of
interest to understand which characteristics of people with disabilities can point
towards idea generating users.
A such, this chapter1 will further explore ideation by persons with disabilities and
specifically look at a variety of disability-related characteristics that could be
associated with idea generation likelihood and high-quality ideas.
6.2 Background and Hypothesis Development
6.2.1 Users as idea generators
As we introduced in chapter 1, in-house designers and engineers are typically
most responsible for thinking about new product ideas. While classic engineering
handbooks such as Engineering Design by Pahl, Beitz, Feldhusen, and Grote
(2007) make a cursory mention of lead users [pg. 71], users are most prominently
framed as being valuable as a source of requirements. This sentiment is similar
to the assertion by Bennett and Cooper (1981) that a consumer’s ability to
articulate their needs, while considering what is technologically feasible, is
limited. The view that general, or ordinary, users are not necessarily of great
value as a source of innovation is also shared by von Hippel (1986).
However, this criticism of the capability of users to generate ideas should be
qualified by stating that some users (i.e.: lead users) might be more capable than
others. As originally noted by von Hippel (1986, pg. 802), completely developed
solutions ’are not the only useful ”solution data” available from lead users’
(quotes in original). Rather it is possible to consider either their needs, their ideas
for solving these needs or finally, (parts) of developed solutions. This chapter will
focus solely on the second part, namely the ideas of lead users and how we might
proceed to identify from within a cohort of people with disabilities (1) persons
who generate ideas and (2) ideas that are of high quality.
Most prominently, the ability to identify persons capable of generating ideas is of
interest because despite the general emphasis many firms still have on in-house
idea generation, several companies have turned to users for idea generation.
While the theoretical evidence of users’ ability to generate ideas has played a role
in this development, technological changes such as increased availability of
communication technology in the form of online idea competitions, idea forums
and discussion platforms have also made engaging users easier (Schweitzer,
Buchinger, Gassmann, and Obrist, 2012). For example companies like Dell
(Bayus, 2013), Ducati (Marchi, Giachetti, and de Gennaro, 2011), and Muji
(Nishikawa, Schreier, and Ogawa, 2013) all launched efforts to involve their users
or customers for the development of new ideas.
1This chapter is an edited version of P. D. Conradie, A.-L. Herregodts, L. De Marez, and J. Saldien
(2016). “Product Ideation by Persons with Disabilities”. In: Proceedings of the 7th International Con-
ference on Software Development and Technologies for Enhancing Accessibility and Fighting Info-exclusion
- DSAI 2016. New York, New York, USA: ACM Press, pp. 69–76. ISBN: 9781450347488. DOI:
10.1145/3019943.3019954. URL: http://dl.acm.org/citation.cfm?doid=3019943.3019954.
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Such crowdsourcing (Howe, 2009) of ideas has thus also been receiving
academic attention. Research by Poetz and Schreier (2012) showed that
crowdsourced ideas scored higher than professionally generated ideas both for
customer benefit and novelty, while Nishikawa, Schreier, and Ogawa (2013)
showed that crowdsourced ideas also outperformed in-house generated ideas
with regards to aggregate sales and revenue.
More support for the value of crowdsourced ideas come from a study by
Kristensson, Magnusson, and Matthing (2002), who concluded that
user-generated ideas were more original than those developed by professionals.
Beyond this, in-house development and crowdsourcing are not mutually
exclusive. Producers might decide to outsource only part of their problem or
incorporate only part of any developed idea (von Hippel, 1986).
In sum, the preceding research points to the value for firms in relying on
user-generated ideas. However, while there are thus clear benefits to doing so,
the ability to know which users (within the broader cohort of users) might be
valuable sources of innovation presents a clear advantage to firms hoping to
leverage consumer-created ideas. We thus return to an issue that is central within
lead user research, namely the timely and accurate identification of lead users
(Hienerth and Lettl, 2017; Kratzer, Lettl, Franke, and Gloor, 2016; Schreier and
Prügl, 2008; Soukhoroukova, Spann, and Skiera, 2012).
There are reasons to believe that the attributes or factors associated with idea
generators might differ from solution developers. Clear evidence of these
differences is highlighted by Stock, von Hippel, and Gillert (2016), who examined
personality traits on innovation success, finding that different types of
personalities are associated with each stage of development.
Below, we will introduce our three hypothesised predictor variables for idea
generation and idea quality, relying on earlier studies in this domain. Our exact
scales and measures will be discussed in section 6.3, with a complete overview
found on page 241.
6.2.2 Use experience
First and foremost, we consider use experience. This attribute is sometimes also
referred to as use knowledge (Duverger, 2012b). Given that we are not necessarily
exploring activity within a highly constrained product domain, to assess use
experience, we elect to ask our participants for how long they have had a disability
(disability duration). Our rationale is similar to those of related research in this
domain (Belz and Baumbach, 2010; Faullant, Schwarz, Krajger, and Breitenecker,
2012; Lüthje, 2004; Schreier and Prügl, 2008; Schuhmacher and Kuester, 2012):
being longer acquainted with a product, or service (in a particular context) may
reveal problems not known to average users.
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By extension, having a disability for longer should similarly impact the rate of idea
generation and quality of ideas. For example, prolonged experience with cooking
only with one hand would arguably lead to ideas for how to improve various
kitchen appliances, while having navigated public spaces as a person with visual
impairment could similarly lead to suggestions for improved ways of doing so.
6.2.3 Expected benefit
Alongside use experience, we also take a measure of expected benefit. Being
context and domain dependent means that expected benefit will differ depending
on the product domain being investigated. For our purposes, we are interested in
exploring expected benefit more broadly from the perspective of persons with
disabilities.
To do so, we turn to related work by Oliveira, Zejnilovic, Canhão, and von Hippel
(2015) who similarly looked at patient-driven innovation from a broad perspective
(i..e: not within one specific use domain). The authors instead focussed on the
influence of the disease as a predictor of innovation, finding that the disease
impact is significantly associated with innovation. In our context, our measure of
benefit is the influence of the disability, from the perspective that people with
higher levels of disability influence are both more likely to engage in idea
generation and that their ideas will be of higher quality.
6.2.4 Unmet needs
Finally as originally proposed by von Hippel (1986), users who innovate are
typically doing so because they have some product need that is not yet met. By
extension, they seem to be dissatisfied with current products. As a result, several
authors have proposed that product dissatisfaction can be associated with user
innovators; both in the case of solution development and idea generation (Belz
and Baumbach, 2010; Duverger, 2012b; Franke and Shah, 2003; Morrison,
Roberts, and von Hippel, 2000; Schuhmacher and Kuester, 2012).
We know from earlier studies that people with disabilities are confronted with
many products and services that are not always well suited to their needs
(Emiliani, 2006; Federici, Meloni, and Borsci, 2016). Our own results in chapter
5 strengthens this assertion, finding that persons with disabilities report facing
significantly more unmet needs than people without disabilities (see figure 5.3).
Given this, it is of interest to know what the relationship is between unmet needs
and idea generation likelihood and quality, within a cohort of persons with
disabilities.
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Research model for the hypothesis in chapter 6
Hypothesis for Chapter 6
Given this, we propose the following hypothesis:
H1a, H1b, H1c: (a) Higher duration of the disability, (b) higher disability in-
fluence and (c) higher levels of unmet needs, are positively associated with the
likelihood of persons with disabilities generating an idea.
H2a, H2b, H2c: (a) Higher duration of the disability, (b) higher disability influ-




To obtain the data for this study, we used a self-administered questionnaire,
which is a common tool within the social sciences (Dillman, Don, 2013; Lavrakas,
2008). It is also commonly used within the domain of user innovation research
(see, for example Franke and Shah, 2003; Schweisfurth, 2017).
More specifically, we used a web survey to recruit participants with a variety of
physical and sensory disabilities through a selection of organisations for persons
with disabilities. Following the recommendation by Rhodes (2003) a link to the
survey was distributed via mail to relevant organisations and web forums. As
noted by Mitchell, Ciemnecki, CyBulski, and Markesich (2006) web surveys
empower persons with disabilities to respond in their own time, using their own
preferred software such as screen readers, rendering it an appropriate data
collection tool for our study. Additionally, digital surveys are cost-effective and
result in relatively high response rates.
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Our online survey was distributed between February and April 2016 with the help
of 5 organizations for persons with disabilities, notably the visually impaired,
hearing impaired and people in wheelchairs. Respondents were sourced via
mailing lists and social media channels. The committee of ethics of Ghent
University has approved the study. Only persons over the age of eighteen
participated.
6.3.2 Measures
Recall that our study explores three independent variables and their effects on
both the likelihood of idea generation and the quality of ideas. These variables are
derived from existing research on user-driven innovation and specifically
focussed on the context of disability.
First, disability influence was assessed by asking participants about the influence
of their disability on their life on a 7-point Likert scale where 1 = little burden and
7 = extreme burden. This measure was derived from Oliveira, Zejnilovic, Canhão,
and von Hippel (2015).
Secondly, we measured the experience persons have with their disability by
asking how long they have been disabled, in years. As with disability influence,
this question was similarly derived from Oliveira, Zejnilovic, Canhão, and
von Hippel (2015).
Finally, our third independent variable concerns the degree of unmet needs. For
this measure, we used the same question as Stock, von Hippel, and Gillert
(2016), which is, in turn, derived the measure from Franke and Shah (2003).
Participants were asked to indicate on a 7-point Likert scale whether they agreed
with the following statement: ’I frequently have needs which are not covered by
the products currently offered on the market’. The agreement was anchored with
’strongly disagree’ as 1, and with ’strongly agree’ as 7.
As is very common with similar studies, we will control for age, gender and levels
of education (Faullant, Krajger, and Zanker, 2012; Oliveira, Zejnilovic, Canhão,
and von Hippel, 2015; Stock, von Hippel, and Gillert, 2016). While the
measurement of age and gender is self-explanatory, the level of education needs
some further explanation. To assess this, we asked participants what their level of
education was, distinguishing between ’none’, ’primary’, ’secondary’, ’higher
non-university’ and ’university’. Similar to Oliveira, Zejnilovic, Canhão, and
von Hippel (2015) we subsequently created a dummy variable, ’academic degree’,
coded 1 for people with university-level education and 0 for people without.
Besides these variables, we also asked if persons were active in any association or
community related to their disability and if they already use assistive devices.
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To elicit prompts for ideas, we asked the following question:’Have you ever had
an IDEA to modify something for yourself? Or an idea for a product, a thing that
can help you with a limitation or a problem? This only concerns ideas for
products or modifications that you have not yet made’. For participants
answering positively on this question, we posed the following question: ’If you
previously had an idea, can you describe your idea?’
A note on potential bias through the use of surveys. When administering
surveys, it is important to consider common method bias (Podsakoff, Mackenzie,
Lee, and Podsakoff, 2003), which can occur when dependent and independent
variables are included in the same instrument. Doing so introduces the risk that
participants answer in a way they deem consistent and as a result, false
correlations exist within the data (Chang, van Witteloostuijn, and Eden, 2010).
There are two ways to deal with common method bias: through the design of the
study and through post hoc statistical evaluations (Podsakoff, Mackenzie, Lee,
and Podsakoff, 2003). With regards to study design, our independent variable for
idea quality constitutes an evaluation by an independent jury, meaning that our
dependent and independent variables are not from the same instrument. Beyond
this, we also used a mix of perceptual and objective measures, binary and Likert
scales to minimise risk.
Finally, we performed two post hoc evaluations. First, we performed a Harman
single factor analysis on our predictor variables, which is an exploratory factor
analysis with only one explanatory factor. This allows us to estimate of any single
factor has an outsized influence. Results are well below the threshold of 50%,
with a single factor explaining at most 22% of the variance (Malhotra, Kim, and
Patil, 2006; Podsakoff, Mackenzie, Lee, and Podsakoff, 2003).
A second assessment involves assessing our variables for a high level of
correlations. Should there be issues of common method bias, we would expect to
find very high levels of correlations (r<0.9) (Pavlou, Liang, and Xue, 2007). As
table 6.1 shows, this is not the case. Given this, we don’t expect common method
bias to be an issue in our instrument.
To assess the quality of our ideas, we follow a common two-step procedure within
many studies on user-driven innovation (de Jong et al., 2015; Oliveira, Zejnilovic,
Canhão, and von Hippel, 2015; von Hippel, de Jong, and Flowers, 2012). First,
data is cleaned to consider only true ideas. Because our prompt for ideas was
broad, it can be expected that participants submit ideas that cannot be considered.
As a result, we had to remove all those comments that were obviously not valid.
Examples of this include remarks about merely improving an existing product, or
statements about better strategies to manage a disability. A specific example
would be the idea to sleep more. This process left 64 ideas, out of a total of 72.
We thus subsequently created a new dummy variable, where true ideas are coded
1, and the remainder 0. This variable was used for our binary regression model.
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This also leaves the question of how to assess the quality of ideas. Here too, we
use a procedure that is common in studies on user-driven innovation. In this
study, we used two industrial designers as judges. They were recruited from the
Industrial Design Center in Kortrijk. In both cases, judges had experience in
research and design of assistive products. They were both blind to the study and
had no access or knowledge of our independent variables.
To measure the quality of ideas, we used the Consensual Assessment Technique
(CAT)(Amabile et al., 1996; Baer, Kaufman, and Gentile, 2004). This method is
often applied in comparable studies on idea generation (Faullant, Schwarz,
Krajger, and Breitenecker, 2012; Kristensson, Magnusson, and Matthing, 2002;
Magnusson, 2009; Mahr and Lievens, 2012). Usually, judges provide scores on
one, or several, variables. In our case, we used the values user value, originality
and feasibility, which again aligns with several comparable studies on user-driven
innovation (Magnusson, 2009; Schweisfurth, 2017). Scores were given on a
5-point scale, where 1 is the lowest possible score, and 5 the highest.
To assess the reliability of the scoring, we performed a Krippendorf α (αk)
analysis. Reliability was satisfactory, with idea originality at αk = 0.41, idea user
value at αk = 0.42 and idea feasibility at αk = 0.46. Results are interpreted
according to Landis and Koch (1977), with our αk analysis indicating overall
moderate agreement. As a result, we added the score for both judges across the
three categories, to create the new variable: idea quality. The highest possible
score is thus 30, with 6 being the lowest.
6.4 Data Analysis and Results
6.4.1 Descriptive statistics
The average participant in our study was 42 years. Disability duration averaged
almost 24 years. Our sample contained more women (N = 103) than men (N =
75), and degree of university education is close to 60%. From our sample, 12%
are students; 36% employed while 52% are not currently in work. Slightly less
than half are members of some community related to their disability. Assistive
device use is high, with the majority (155, 87%) reporting that they use an
assistive device.
First, we note that 38% of respondents either agree or strongly agree with the
statement ’I frequently have needs which are not covered by the products
currently offered on the market’, with 60% falling into the group that somewhat
agrees, agrees, or strongly agrees. This would support the assertion that product
dissatisfaction is prevalent among persons with disabilities, and is positively
correlated with disability influence (r=0.34, p < 0.01).
6. IDEA GENERATION BY PERSONS WITH DISABILITIES 140
N Mean St. Dev. I II III IV V VI VII VIII IX X
Idea submitted (I) 178 0.36 0.48 1
Idea user value (II)1 64 7.59 1.65 NA 1
Idea originality (III)1 64 5.19 1.78 NA 0 1
Idea feasibility (IV)1 64 8.00 1.70 NA 0.01 -0.41** 1
Total idea score (V)1 64 20.78 2.52 NA 0.66** 0.43** 0.39** 1
Gender (VI) 178 1.58 0.50 0 -0.02 0.18 -0.13 0.03 1
Age (VII) 178 42.39 15.15 -0.03 0.16 -0.23 0.15 0.04 -0.1 1
Academic degree (VIII) 178 0.60 0.49 0.19* 0.21 0.26* -0.06 0.28* -0.01 -0.04 1
Disability duration (IX) 178 23.75 18.11 -0.06 0 -0.04 0.17 0.09 0.07 0.35** -0.03 1
Disability influence (X) 178 5.24 1.64 0.17* 0.15 0 -0.06 0.06 0.15* 0.04 -0.11 0.08 1
Unmet needs (XI) 178 4.55 1.69 0.22** 0.50** 0.2 0.1 0.53** -0.03 0.08 0.04 -0.01 0.34**
Notes
*p<0.05; **p<0.01 (two-tailed significance)
1: Consists out of our limited sample of only reviewed ideas
Table 6.1





















Variable SD Mean n %
Age (years) 15.15 42.39
Disability Duration (years) 18.11 23.74
Male 75 42.10%
Female 103 57.90%
Academic Degree 106 59.60%
Employed 64 36.00%
Assistive Device User 155 87.10%




General demographic details of our sample of persons with disabilities
Table 6.1 summarizes our Pearson Correlation Coefficients, 2-tailed significance.
Disability duration correlates neither with the likelihood of generating an idea
(r=-0.06, p=0.5) nor with idea quality (0.09, p=0.5), which shows no support for
H1a or H2a. Disability influence is significantly correlated with idea generation
likelihood (r=0.17, p=0.02), but fails to correlate significantly with idea quality,
even if there is a positive relationship (r=0.06, p=0.65). This indicates support
for H1b but fails to support H2b. Finally, unmet needs correlate significantly
both with idea quality (r=0.54, p<0.01) and idea generation likelihood (r=0.22,
p<0.01). This indicates support for H1c and H2c.
Finally, we also performed a series of Welch t-tests, comparing the difference
between persons who submitted ideas and those who did not. Our result show
that disability duration (t=0.73, df=122.49, p=0.47) fails to reach significance,
while disability influence (t=-2.39, df = 145.4, p=0.02) and unmet needs (t=-3.04),
df=131.29, p<0.01) are both significantly associated with the likelihood that
someone generated an idea. More specifically, idea submitters scored on average
5.61 (disability influence) and 5.05 (unmet needs), and those not submitting an
idea scored 5.03 (disability influence) and 4.26 (unmet needs) respectively.
6.4.2 Generated ideas
Before assessing the attributes related to both the quality of ideas and the
likelihood of idea generation, we first present a selection of ideas. To classify
them, we used a categorization proposed by de Jong et al. (2015). This includes:
(1) household fixtures or furnishing; (2) computer software; (3) vehicle-related; (4)
food or clothing; (5) health, care or medical (6); tools or equipment; (7) sports,
hobby or, entertainment; (8) any other items. This shows that a majority of ideas
(33%) are centred around the house, including suggestions to change furniture,
entrances, etc. Secondly, suggestions related broadly to computer software (20%)






























I frequently have needs which are not covered 
by the products currently offered on the market
Figure 6.2
General levels of unmet needs in our sample
feature prominently. Below we discuss some of these ideas in more detail. The
results are shown in table 6.4.
Several concepts were associated with mobility and accessibility. For example, a
person travelling by public transport who needs extra assistance when embarking
often needs to notify the driver well in advance when leaving a bus or tram. By
providing travellers with a way to exit the bus without help, via an interface inside
the bus, this could increase self-reliance. Similarly, one respondent describes
having trouble with departing from the train at the right station and wishes to
have their location information available digitally via a smartphone application, to
help them depart at the appropriate time. While several respondents mention the
idea for smaller Global Positioning System (GPS) devices, one particular
respondent wishes to have a proximity sensor that can be attached to clothing, to
be notified when an obstacle is nearby. More low-tech ideas include mobile
platforms that ease getting into and out of public transport, or into and out of the
car.
In and around the home, several respondents propose ideas for further
automation and remote control. One participant describes their goal of remote
controlling – via Bluetooth – as many devices as possible, while another
mentions that Near Field Communication (NFC) tags – in combination with a
smartphone - could be used to open doors automatically. One visually impaired
person proposes a keychain that stays in contact with your smartphone, which
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Product category n %
household fixtures or furnishing 21 33.81%
computer software 13 20.31%
vehicle-related 8 12.50%
food or clothing 8 12.50%
health, care or medical 6 9.38%
tools or equipment 3 4.96%
any other items 3 4.96%
sports, hobby or entertainment 2 3.13%
Table 6.4



















Error bars indicate 95% confidence interval
Average idea score
Figure 6.3
Impact of academic degree ownership on overall idea quality
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starts to vibrate when you are too far away from your keys, acting as an aid to not
forget your home keys. Other interesting concepts include a tray that notifies its
carrier when it is not being carried correctly, an unobtrusive wearable badge that
functions as a dictation device, allowing speech instructions to be given, or a
simple speaking watch that reads the time.
Several ideas also focus on improvements that are less high tech, such as
toothpaste that only gives the appropriate amount when squeezed, or having a
waterproof screen inside the shower, so someone can get in while the water is
still warming up, without getting wet. One participant also describes regularly
breaking plates and glasses by accident and suggests changing the material of the
dishware in order to avoid shards when breaking occurs, given that they pose a
threat to the wheelchair tires. Respondents also propose small changes to current
assistive devices. This includes changes to crutches to have more grip during wet
conditions, or simple modifications to a wheelchair allowing the user to carry –
for example – an umbrella.
6.4.3 Binary regression on idea generation
Our first aim is to understand which characteristics earlier introduced can be
associated with idea generators. While our descriptive statistics offer the first
support for some of our hypothesis, it does not control for gender, age and
academic degree. To do so, we used a binary regression analysis, taking as
dependent variable whether someone has submitted an idea or not. This








































































Impact of disability duration, disability influence and unmet needs on the likelihood of idea
generation
In all cases, we report Nagelkerke’s R2 along with Akaike Information Criterion
(AIC) (Akaike, 1987) and -2 Log Likelihood. Nagelkerke’s R2 indicates the overall
strength of association in the model, where higher numbers indicate that more
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Dependent variable: having an idea
Model 1a Model 1b Model 1c
B exp(B) p B exp(B) p B exp(B) p
Control Variables
Gender1 -0.01 1.00 0.99 -0.08 0.92 0.82
Age 0.00 1.00 0.79 0.00 1.00 0.76
Academic Degree2 0.83 2.29 0.02** 0.91 2.48 0.01***
Independent Variables
Disability Duration -0.01 0.99 0.52
Disability Influence 0.2 1.23 0.08*
Unmet Needs 0.24 1.27 0.04**
Constant -0.58 <0.01*** -0.96 0.21 -2.91 <0.01***
Nagelkerke R2 0.05 0.14
Observations 178 178 178
-2 Log Likelihood 232.52 226 213.26
Akaike Inf. Crit. 234.52 233.99 227.27
Model Significance 0.08* <0.01***
Notes:
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table 6.5





















variance is explained. -2 Log Likelihood (-2LL), similar to AIC enable us to
estimate relative model fit, where lower values in both cases indicate better model
fit. Both AIC and -2LL should thus be interpreted relative to each other.
Additionally, we report B; exp(B); and levels of significance. Finally, the overall
model significance is also reported. Also, as is common with regression models,
we define our cut-off for statistical significance at p<0.1 (Oliveira, Zejnilovic,
Canhão, and von Hippel, 2015; Schuhmacher and Kuester, 2012; Schweisfurth
and Raasch, 2015; Schweitzer, Gassmann, and Rau, 2014).
Our first model, Model 1a, is a null model, containing no variables and serves to
compare the subsequent models. Model 1b introduces our three control variables:
gender, age and academic degree (a binary dummy variable). Only academic
degree ownership has a significant impact on our outcome variable, with
academic degree holders exp(0.83)=2.29 times more likely to generate an idea
(p=0.02). However, Nagelkerke’s R2 is only 0.05, with Model 1b thus explaining
only 5% variance, and model significance reaches p=0.08.
Following the introduction of our control variables, Model 1c assesses the impact
of our three independent variables on our binary outcome. First, academic degree
ownership remains important, with higher educated participants exp(0.91)=2.48
times more likely to submit an idea (p=0.01). Unmet needs similarly affect idea
generation likelihood, with a one-point increase in unmet needs increasing the
chance of idea generation by exp(0.24)=1.27, p=0.04.
Disability influence is also weakly significant with a point increase in disability
influence increasing the likelihood of idea generation by exp(0.2)=1.23, p=0.08.
Our model additionally also reaches significance (p<0.01), with Nagelkerke’s R2
suggesting that we explained 14% of the variance. As seen in our model fit, AIC
and -2LL decreases for both Model 1b and Model1c, indicating an overall better
model fit.
For our final model, Model 1c, we also performed a series of model diagnostics2.
First, we examine the data for any residuals that deviate too much from the
predicted value. Less than 5% (3, or 1.67%) of our cases have standardized
residuals larger than 2, meaning that our data generally fit our model. Our
analysis shows that the largest Cook value is 0.08. As such, no single case has a
large influence on the overall model. Finally, we examine our control and
independent variables for multicollinearity. Our results are satisfactory, with VIFs
ranging between 1.02 and 1.15, far below the suggested threshold value.
In sum, idea generation likelihood is associated with unmet needs and disability
influence with the latter being weakly significant. Of our control variables,
academic degree ownership is significant, with gender and age not having any
impact.
2See page 23 for more extensive explanation of our model diagnostics
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Dependent Variables: Idea Scores
Model 2a Model 2b Model 2c
B β p B β p B β p
Control variables
Gender1 0.11 0.02 0.87 0.02 0.00 0.97
Age 0.01 0.08 0.54 0.00 -0.02 0.87
Academic Degree2 1.60 0.29 0.03** 1.37 0.25 0.03**
Independent Variables
Disability Duration 0.02 0.16 0.18
Disability Influence -0.11 -0.06 0.59
Unmet Needs 0.84 0.55 <0.01 ***
Constant 20.78 <0.01 *** 18.91 0.00 15.81 <0.01 ***
Observations 64 64 64
R2 0.08 0.37
Adjusted R2 0.04 0.31
Model significance 0.15 <0.01 ***
Notes:
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table 6.7





















6.4.4 Hierarchical multiple linear regression on idea quality
While it is of interest which attributes can be associated with ideas, it is also
important to consider how we identify persons generating high-quality ideas.
Given this, we again performed a regression analysis, with idea quality as our
dependent outcome variable and our three control variables and three
independent variables as predictors.
First, we establish a null model (Model 2a). We subsequently include our control
variables (Model 2b) and finally our independent variables (Model 2c). We
present B (unstandardised coefficients), β (standardised beta estimates), variable
significance, alongside our overall model significance. As before, our cut-off for
statistical significance is at p<0.1 (see also Oliveira, Zejnilovic, Canhão, and
von Hippel, 2015; Schuhmacher and Kuester, 2012; Schweisfurth and Raasch,
2015; Schweitzer, Gassmann, and Rau, 2014).
We also report R2 along with adjusted R2. While R2 indicates model fit regardless
of individual variable significance and will thus increase with any additional
variables added, adjusted R2 assesses model variance taking only into
consideration significant variables.
First, Model 2b shows that of our control variables, academic degree ownership
has a significant effect on idea quality, with higher educated persons resulting in
a 1.6 point increase in idea quality (p=0.03). However, the overall model variance
is low, with R2 reaching only 8% and adjusted R2 3%. Additionally, the model is
not significant (p=0.15). Gender and age have no significant impact.
Subsequent inclusion of our independent variables in Model 2c emphasise the
impact of unmet needs: a point increase in unmet needs results in a 0.84
increase of idea quality (p<0.01). Academic degree additionally remains
significant, with degree holders scoring 1.37 points more for their quality of ideas
(p=0.03). Overall, our model is statistically significant (p<0.01). Finally, adjusted
R2 improves markedly for Model 2c (31%) when compared with Model 2b (4%),
suggesting better model fit.
Following our analysis, we performed a series of model diagnostics on our final
model (Model 2c)3. First, we asses our model for problematic residuals. In our
data, only 3 cases have standardized residuals larger than 2, which means that
our model does not violate these criteria.
Secondly, we assess the Cooks distance, which measures the overall influence of
single cases on the model as a whole. Values larger than 1 are case for concern
(Field, Miles, and Field, 2012; Weiser and Brown, 1997). Our analysis shows the
largest Cook value of 0.08, indicating that no single case has an outsize influence
on the model.
3See page 23 for more detailed information about model diagnostics.




















































Impact of disability duration, disability influence and unmet needs on the quality of ideas
Finally, we want to know what the variance inflation factor is, which is a measure
of collinearity, or whether any predictor variable has a linear relationship with
another. No problematic predictors are found, with all VIFs below the
recommended cut-off of between 3 and 5 (Hair et al., 1998).
A general rule of thumb for regression sizes is that for each predictor variable, 10
cases are needed (Peduzzi et al., 1996). For this analysis, this requirement is met.
However, this estimate (while often used, see for example de Jong, 2013), has
been viewed as being too conservative (Field, Miles, and Field, 2012, Chapter 7
and Miles and Shevlin, 2001, Chapter 5).
Similar to de Jong (2013), we thus elected to perform an additional linear
regression analysis with only our three independent variables (i.e.: 3 predictors).
The results confirm our findings, with unmet needs remaining a significant
predictor. However, adjusted R2 is .28, down from .31, meaning less variance is
explained by our model. Overall, the model is significant. This table can be found
in our appendix as table B.3, on page 246. In sum, our linear regression finds
support for H1b, H1c and H2c, while failing to support H1a, H2a and H2b.
6.5 Discussion
Given the low levels of product satisfaction of persons with disabilities, user
innovation theory suggests that persons with disabilities may be valuable
candidates as product innovators. To explore this assumption, we performed a
survey among persons with disabilities (N = 178), asking them to describe ideas
for products. With the help of two independent judges, we scored the quality of
the ideas based on user value, feasibility and originality. We performed two sets
of regression analysis to both assess the likelihood of idea generation and the
quality of ideas.
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Hypothesis Outcome
H1a: Disability duration positively associated with idea generation likelihood Not supported
H1b: Disability influence positively associated with idea generation likelihood Supported
H1c: Unmet needs positively associated with idea generation likelihood Supported
H2a: Disability duration positively associated with ideas of higher quality Not supported
H2b: Disability influence positively associated with ideas of higher quality Not supported
H2c: Unmet needs positively associated with ideas of higher quality Supported
Table 6.9
Hypothesis evaluated in chapter 6
Results indicated that the likelihood of having an idea is significantly associated
both with the influence of the disability and with the levels of unmet needs when
controlling for academic degrees, gender and age. We can thus support H1b, H1c,
and H2c (a summary can be found in table 6.9).
First and foremost, we can support earlier studies on user-driven innovation that
unmet needs are associated with users having an idea for improvement and that
their ideas are typically better than those people with lower levels of unmet needs
(Belz and Baumbach, 2010; Duverger, 2012b; Franke and Shah, 2003; Morrison,
Roberts, and von Hippel, 2000; Schuhmacher and Kuester, 2012).
With regards to idea generation, the impact of the disability is also a predictor of
ideation likelihood, which conforms with our stated hypothesis. As disability
influence increases, people might thus be confronted with product use scenarios
that are increasingly ill-fitting, resulting in their corresponding likelihood of
having some kind of idea for improvement.
H1c, in turn, fails to find support. One possible explanation for the lack of
disability duration to impact our outcome variables in both assessments is that
the measure itself is not fine grained enough. Recall that use experience, for
which we used the proxy of disability duration, is usually measured within a
product domain (see Tietze, Pieper, and Herstatt, 2015). Given that we lack a
specific and delineated product domain, we lack the opportunity to properly
translate this variable.
Furthermore, the increase in disability influence does not impact the quality of
ideas. It would thus appear that while a higher impact of the disability will result
in an increased likelihood of idea generation, no effects on the quality can be
found.
In summary, this chapter contributes to our understanding of people with
disabilities as sources of innovation. Our results are a first indication of how
persons with disabilities as idea generators might be located and which disability
specific characteristics can be associated with idea generators.
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When reflecting back on the low rates of product satisfaction experienced by
people with disabilities (also captured in this study), combined with significant
amounts of people who have ideas for new products, we note that there has thus
far been little attention to involving persons with disabilities as ideators.
6.6 Limitations and Future Work
First, while our reviewers were knowledgeable about the design of assistive
products, neither have medical expertise and as a consequence, medical
professionals may evaluate submitted ideas differently. Additionally, our method
of evaluating ideas has been well established and is widely used in related
research (Faullant, Krajger, and Zanker, 2012; Kristensson, Magnusson, and
Matthing, 2002; Magnusson, 2009; Mahr and Lievens, 2012), but does not take
into account the value of the idea on a long-term basis and neither does it
consider long-term commercial viability.
We are not specifically making an association between the type of disability and
the outcome. It is thus possible that people with certain disabilities might excel at
the generation of a specific idea. An example would be vision impaired persons
and home automation, or wheelchair users who might have ideas for increased
access.
Given our sample size, we used a very limited set of predictor variables. However,
while we have delineated our reasons for these specific predictors, it is feasible
that other variables might also have a significant impact. These might include
previously studied proxies such as individual creativity (Faullant, Schwarz,
Krajger, and Breitenecker, 2012), but also factors that more closely relate to
disability, such as current degree of autonomy.
The current study also focusses on ideas as opposed to developed products.
While ideas often precede products (Baldwin, Hienerth, and von Hippel, 2006;
Hienerth, 2006; Tietz, Morrison, Luthje, and Herstatt, 2005), they do not require
(technical-) knowledge that supports realisation, and may subsequently be
associated with different user characteristics.
Our lack of physical prototypes – while not uncommon in studies of this type
(de Jong et al., 2015; Magnusson, Netz, and Wästlund, 2014; Schweisfurth, 2017)
– also restricts the judges’ ability to evaluate results. As a result, it may be
valuable to also judge developed products, perhaps also by average non-disabled
consumers, or even peers.
Regarding our sample, we recruited participants through online media channels
of organizations for people with disabilities. This may consist out of a cohort of
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people that are already active and engaged, which may result in an exaggerated
view on the degree to which persons have ideas for new products.
With regards to future work, chapter 5 made a comparison between persons with
and without disabilities as sources of innovation, with the current chapter further
exploring a variety disability-related attributes that we could associate with idea
generation. However, we currently do not assess which variables might be
associated with solutions that are also of interest to the wider non-disabled
market.
Finally, looking at the types of ideas submitted by our participants (see table 6.4)
future work could focus on particular application domains that are most
common. It could be of interest to specifically explore ideas within the home
environment, perhaps in combination with regular users.
Chapter Summary
Disability duration is not associated with either idea generation and high quality
ideas.
Disability influence is associatedwith idea generation but not high quality ideas.
Unmet needs can be associated both the likelihood of persons generating an
idea and with high quality ideas.
Academic degree ownership, a control variable, is significantly associated with
higher likelihood of idea generation and quality of ideas.
Gender and age, which are both also control variables, have no impact on the
likelihood of idea generation and quality of ideas.
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Chapter 7
Solution Development and Diffu-
sion by Persons with Disabilities
Following our exploration into idea generation, we turn to explore solution development.
We re-introduce our two disability-related attributes disability influence and disability du-
ration and we subsequently explore their impact on the development of high general value
solutions. In addition, we also examine solution related characteristics can be associated
with solution diffusion.
RQ4.2: Which disability-related attributes are predictors of solution development within a
cohort of persons with disabilities?
7.1 Introduction
Whereas chapter 6 was concerned with establishing the likelihood of idea
generation, along with characteristics that might be associated with idea
generators, chapter 71 will focus on understanding which characteristics we can
associate with participants developing solutions judged high in general value, but
also determine which solutions are likely to be diffused.
The first topic, solutions of high general value, is especially important in the
context of this thesis, whereas solution diffusion is critical in our understanding
1This chapter is an edited version of P. D. Conradie, A.-L. Herregodts, L. De Marez, and J. Saldien
(2017). “People with disabilities as product innovators: a pilot study”. In: Disability and Rehabilitation:
Assistive Technology, pp. 1–7. ISSN: 1748-3107. DOI: 10.1080/17483107.2017.1381188. URL: https:
//doi.org/10.1080/17483107.2017.1381188%20https://www.tandfonline.com/doi/full/10.1080/
17483107.2017.1381188.
of how solutions are shared (de Jong et al., 2015; Oliveira, Zejnilovic, Canhão, and
von Hippel, 2015). Below we will introduce the background for this study,
emphasising our rationale, and introducing our research hypothesis with
accompanying related work.
7.2 Background and Hypothesis Development
As the previous chapter highlighted, people with disabilities are often facing
challenges in the use of everyday products (Emiliani, 2006; Imrie and Luck,
2014; Rosenberg, Kottorp, Winblad, and Nygard, 2009). Lead user theory would
suggest that persons with disabilities are thus more likely to be engaged in some
form of solution development (von Hippel, 1976; von Hippel, 1986; von Hippel,
2005b). As chapter 5 illustrated, people with disabilities are indeed more likely to
be engaged in some sort of solution development, with these solutions also being
of higher user value and originality than solutions developed by non-disabled
peers.
The study of innovative behaviour among persons with disabilities was
extensively discussed in chapter 1. In brief, high levels of product dissatisfaction
among people with disabilities would suggest high levels of user innovation.
They stand to benefit disproportionally to having needs met that are only felt
minimally by the rest of the market. However, for persons with disabilities to be
viewed as more likely to be lead users, their solutions should also appeal to others
(i.e. they are generally valuable).
7.2.1 High general value solutions
To this end, it is of interest to more closely examine predictors of high general
value solutions. Keeping with our previous analysis, we focus most prominently
on attributes that related explicitly to persons with disabilities. The importance of
this study is supported by the overarching themes within lead user driven
research, namely the comparative scarcity of lead users and the importance of
finding which attributes or characteristics might plausibly be associated with user
innovators (Bengtsson and Ryzhkova, 2013; Bilgram, Brem, and Voigt, 2008;
Lüthje and Herstatt, 2004). As such, we again explore three important
characteristics, for reasons discussed more in-depth in chapter 6.
The first, disability duration, should be viewed as a proxy for use experience,
which was previously identified as a predictor of lead userness (Belz and
Baumbach, 2010; Faullant, Schwarz, Krajger, and Breitenecker, 2012; Lüthje,
2004; Schreier and Prügl, 2008; Schuhmacher and Kuester, 2012). As the
disability duration increase, we thus hypothesise that the likelihood of generating
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Figure 7.2
Solution diffusion research model: Variables and their impact on solution sharing
a high-value solution correspondingly increase. Persons thus gain experience
within a particular use domain, which might range from using a product without
sight, or needing to automate certain aspects of their home as a result of limited
mobility.
Secondly, we include a measure of benefit, which we frame as disability
influence. Measures of benefit are context specific (Urban and von Hippel, 1988;
von Hippel, 1986; von Hippel, 2005a) and will this be different within each
domain. In our very specific context, we examine the self rated disability
influence as a measurement, from the rationale that higher disability influence
increases the measure of benefit associated with solution development.
Finally, we include the degree of unmet needs (or product dissatisfaction). This
variable is a common predictor of lead userness across a variety of studies and
domains (Belz and Baumbach, 2010; Duverger, 2012b; Franke and Shah, 2003;
Morrison, Roberts, and von Hippel, 2000; Schuhmacher and Kuester, 2012).
7.2.2 Solution diffusion
As research by von Hippel, Ogawa, and Jong (2011) has shown, consumers are
significantly engaged in various solution development efforts to solve their
unmet needs. As we have illustrated in chapter 5 people with disabilities are
more likely to be engaged in solution development. These consumers - and by
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extension persons with disabilities - are thus most interested in solving their own
needs first, disregarding whether others might benefit from their solution too.
Yet, the evidence from studies within 3M (Lilien et al., 2002) and Muji
(Nishikawa, Schreier, and Ogawa, 2013) clearly underscore that lead user sourced
solutions can outperform those developed by in-house designers. A central
question, beyond understanding which people might be more likely to be
innovators, is thus which solutions might thus be more likely to be diffused.
Solution-diffusion, in this context thus doesn’t refer to diffusion from producer to
user as proposed by Rogers (2003), but rather the diffusion from users to others.
While developed solutions present clear use benefits to the users developing
them, there can only be wider societal and economic value when solutions are
diffused to the larger market. Failure to share solutions constitutes market failure
(Stoneman and Diederen, 1994). A better understanding of solution diffusion is
thus important. For this, we use the framing of diffusion suggested by de Jong
et al. (2015), who proposes that diffusion entails free information diffusion to
peers and commercial entities, both free and paid.
Prominent research in this domain is a study by de Jong et al. (2015) who
assessed the market failure of solutions developed by consumers. The authors
examine both a selection of variables associated with peer-to-peer and
commercial diffusion, generally focussing on the motivations for development,
including personal needs, wanting to profit financially or enjoyment. An
important result from the study was that while participants themselves believed
that their solutions were of value to others, they spent little effort in diffusing
them. This was despite not wishing to protect their solution from others and
most (84%) stating that they are willing to free reveal their solutions. Of
particular interest was that the subjective assessment by users of their solutions
value had no effect on the likelihood of solution diffusion.
Another study of relevance is by Oliveira, Zejnilovic, Canhão, and von Hippel
(2015) who, along with gauging the rate of solution development by patients with
chronic disease, also assessed the degree of solution sharing. In contrast with
de Jong et al. (2015), the authors focused not on the motivations for developing a
solution, but rather a selection of attributes associated with solution developing
patients, including the prevalence of the disease, the impact of the solution on
their quality of life, and the influence of the disease. Solutions diffusion among
participants mostly involved sharing with other patients and on social networks,
with very few opting to diffuse their results to commercial or medical entities.
Finally, Stock, von Hippel, and Gillert (2016) also assessed the degree of solution
diffusion, emphasising instead personality traits associated with various stages of
the innovation process (ideation, solution development and diffusion).
Clearly then, there is an interest in understanding the various aspects that can be
associated with solution diffusion. In contrast to our previous predictors, we
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explicitly focus on the solution related aspects and their association with solution
diffusion.
Following de Jong et al. (2015) we are thus interested in the solution quality and
its impact on diffusion. Whereas de Jong et al. (2015) opted for assessing the
subjective self-assessed general value of a solution and it’s association with
diffusion, we instead look at the independently assessed solution novelty and
solution general value as predictors. In both cases, it is thus arguable that
solution novelty and solution general value would increase the likelihood of
sharing. In addition to these two predictors, similar to Oliveira, Zejnilovic,
Canhão, and von Hippel (2015) we also examine the self-reported quality of life
impact of the solution on the likelihood of diffusion, where higher impact
solutions will be more likely to be diffused. Our research model is depicted in
figure 7.2.
Hypothesis for Chapter 7
H1a, H1b, H1c: The novelty of a solution (a) the high general value (b) and qual-
ity of life impact of a solution (c), are positively associated with the likelihood of
diffusing a solution.
H2a, H2b, H2c: Higher duration (a) of the disability, higher disability influence
(b) and higher levels of unmet needs (c), are positively associated with ideas of
high general value.
To conclude, we have two goals in this chapter. First, we aim t0 determine which
disability-related attributes are associated with the creation of a solution of high
general value. Following this, we explore which solution related attributes are
likely to result in solution diffusion. The next section will discuss our scales and
measures more in-depth.
7.3 Materials and Methods
We used a web survey to recruit participants with a variety of physical and sensory
disabilities through a selection of organisations associated with people with
disabilities. Following the recommendation by Rhodes (2003) a link to the survey
was distributed via mail to relevant organisations and web forums. As noted by
Mitchell, Ciemnecki, CyBulski, and Markesich (2006) web surveys empower
persons with disabilities to respond in their own time, using their own preferred
software such as screen readers, rendering it an appropriate data collection tool
for our study. Additionally, digital surveys are cost-effective and result in relatively
high response rates (Sheehan, 2001).
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7.3.1 Sample
The inclusion criteria were mainly people who 1) had a physical or sensory
disability, including persons with a general systemic health condition and 2) were
older than 18 years of age. Respondents were offered the chance of winning a
25-euro cinema ticket, but no further incentives were offered. Participants were
recruited through organisations associated with persons with disabilities. This
survey was approved by the ethical committee of Ghent University.
7.3.2 Instrument
The current study does not rely on one specific instrument, but we made use of
several measurements that have previously been used in studies on user-driven
innovation. Most notably, we follow the approach applied by Oliveira, Zejnilovic,
Canhão, and von Hippel (2015) who studied innovation among persons with
chronic disease and de Jong et al. (2015) who studied the diffusion of
consumer-developed innovations. A complete overview of our measures and
their origins can be found in on page 241.
Our survey contained 16 questions within 6 sections. First, we asked general
demographic questions, including age, sex and occupation. Following this, we
asked for details about participants’ primary disability, including its duration and
influence, membership of medical communities or use of assistive devices.
Disability influence was measured using a scale from Oliveira, Zejnilovic,
Canhão, and von Hippel (2015). Respondents were asked to indicate what the
current impact of their disability is on their life, on a Likert-scale of (1- not at all;
to 7 – extremely).
Next, we asked about our respondents’ general unmet needs using a single item
measure from Franke and Shah (2003) and Stock, von Hippel, and Gillert (2016),
measuring on a 7-point Likert scale whether they agreed with the following
statement ’I frequently have needs which are not covered by the products
currently offered on the market’.
Following this, we asked respondents whether they have ever made or modified
something that helped them with a limitation or a problem. If they answered
positively, they were given the opportunity to describe their solution.
As described in chapter 5, we specifically asked ’Have you ever MADE or
MODIFIED something for yourself? A product, or thing that helped you with a
limitation or problem? If you only had an IDEA for a product and did not make
or modify something answer NO’. Participants providing a positive answer to the
question above where subsequently prompted to describe their modified or made
product: ’Can you describe your MODIFIED or MADE product?’
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Next, to measure the impact of the solution on their quality of life, we used two
single measures from Oliveira, Zejnilovic, Canhão, and von Hippel (2015), where
respondents were asked to indicate their quality of life before their solution and
their quality of life after their solution: ’What was your overall quality of life after
you started using the solution that you developed’ (1- extremely bad; to 7–
extremely good; Likert scale) and ’What was your overall quality of life before you
developed your solution’ (1- extremely bad; to 7– extremely good; Likert scale).
As Oliveira, Zejnilovic, Canhão, and von Hippel (2015) have done, we subtracted
the pre-solution quality of life from the post-solution quality of life. This resulted
in a quality of life difference, which measures solution impact. Finally,
respondents were asked if, and how, they shared their solution with others.
We used a back-translating approach for our survey (Maneesriwongul and Dixon,
2004), by first translating our scales and measures to Dutch and subsequently
translating them back to English, examining for any changes. No significant
errors were found. We provided the questionnaire to 5 visually impaired
respondents for feedback on the clearness and comprehensibility of the
questions. No issues were found.
7.4 Judging the Solutions
Besides our survey, we also needed an independent assessment of our results in
order to consider the degree of novelty and what the general value of the
developed solutions is. To do so, we recruited two ergo-therapists with each more
than 7 years’ experience with rehabilitation care. They judged whether solutions
are known to them. Additionally, we recruited two consumer judges to judge all
the solutions. Consumers can be appropriate proxy’s for experts when evaluating
ideas or new products (Magnusson, Wästlund, and Netz, 2014) and they have
previously also been used in user innovation studies (Schweisfurth, 2017).
To recruit consumer judges, we took the approach favoured by Magnusson,
Wästlund, and Netz (2014), where consumer judges were included who were not
highly technology ready, from the viewpoint that they were more likely to
represent general consumers. To measure technology readiness among our
consumer judges, we used a shortened Technology Readiness Index (TRI), a
ten-item survey developed and used by Parasuraman (2000). Scores can vary
between -20 and +20, with judges scoring between –20 to –11 ’highly resistant’;
between -10 and –1 ’somewhat resistant’; between 0–10 ‘somewhat ready’ and
between 11–20 indicates that subjects are ‘highly technology ready’. For the
purposes of this study, judges with scores higher than 10 were excluded. A call
for participation was posted on the university news portal.
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We followed the approach for assessing the general value of a solution suggested
by de Jong et al. (2015). First, we asked our consumer judges to separately and
individually score all solutions on their value to other people: ’This innovation
would be of value to other people’ (1 = to none, 2 = ’to few’, 3 = ’to many’, 4 = ’to
(nearly) all’). Secondly, our interest was in identifying solutions that can be
commercially valuable. To do this, we asked judges to state whether they think
’this innovation can become a valuable commercial product’ (1 = ’not’, 2 = ’to a
small market’, 3 = ’to a reasonable market’, 4 = ’to a substantial market’).
We performed a Cohen’s κ to assess the agreement between judges. Both the
therapists judging novelty (κ=0.60) and the consumer judges judging personal
(κ=0.39) and commercial value (κ=0.24), had agreement ranging between fair
and moderate (Landis and Koch, 1977). As a result, we created a new binary
dummy variable ‘novelty’, when both ergo-therapists were in agreement about
the novelty of a solution.
Subsequently, we created a new binary dummy variable, high general value,
which denotes solutions scoring on average more than 2.5 (which is the top
quartile of solutions) across personal and consumer value. We are thus interested
in the top quartile of solutions that are of most general value, and which
hypothesised attributes are associated with these solutions. This binary dummy
variable was subsequently used for our analysis. These solutions are both viewed
as valuable to many or all persons, or of commercial value to a reasonable or
substantial market. Our rationale for analysing the top solution is rooted in the
argument of Magnusson, Wästlund, and Netz (2014) that ’in a real-life situation,
a company will be most interested in selecting the best ideas’.
We also analysed the open questions to determine both the diffusion channel and
the general category of the solution. For the diffusion channel, we used a
categorisation earlier suggested by Oliveira, Zejnilovic, Canhão, and von Hippel
(2015): solution sharing via social media, peers, commercial entities, through the
media or medical professionals. To assess the general category of the solution, we
used a classification suggested by de Jong et al. (2015): tools & equipment,
household fixtures & furnishing, sports, hobby & entertainment, food and
clothing, transport & vehicle, help, care & medical or computer software.
Finally, we re-coded our participants’ primary disability, following a general
categorisation by Martin, Martin, Stumbo, and Morrill (2011): physical disability,
visual impairment, deaf or hard of hearing or systemic health condition.
7.4.1 Data collection and analysis
Our survey was distributed by sending a link to the questionnaire and an
explanation about the study to ten organisations for people with disabilities.
These included organisations for persons using wheelchairs, the visually
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impaired and deaf people. Non-responding organisations were contacted again
after a week. Five organisations finally responded. Furthermore, a call to
participation was posted on the university website. The survey was launched on 1
February 2016 and we closed the survey on 30 April 2016. We collected a total of
n=178 participants.
Respondents were asked to send the questionnaire to likely participants,
following an approach that is similar to snowballing. Surveys were not submitted
simultaneously to all organisations. The questionnaire was in the native language
of the respondents. While comparing the first and last quartile of respondents is a
common strategy to assess non-response bias (Rogelberg and Stanton, 2007), our
data collection method does not allow assessment of any statistical differences
because different organisations distributed the survey at different moments.
Descriptive statistics (means and standard deviation) were calculated to provide
an overall profile of our sample. Beyond this, we used a series of hierarchical
binary regressions to identify which factors are associated with the creation of a
generally valuable solution, using disability influence, unmet needs and disease
duration as predictors. We include three control variables: gender, age, and
academic degree ownership, common in similar studies (Faullant, Krajger, and
Zanker, 2012; Oliveira, Zejnilovic, Canhão, and von Hippel, 2015; Stock,
von Hippel, and Gillert, 2016).
Secondly, we performed a series of hierarchical binary regressions to assess
which solution related attributes contribute to solution sharing. We include our
earlier hypothesised attributes: novelty, high general value and solution impact.
7.5 Results
7.5.1 General demographic data
Our sample of 178 participants included persons ranging in age between 18 to 85
(M=42.39, SD=15.15). The length of disability ranged between 0.3 years (4
months) and 70 years (M=23.74, SD=18.11). From our sample, 73 were male
(42.1%), with 59.6% having a university degree. The rate of employment was
36%, with 64 respondents. A little less than half (86; 48.3%) reported belonging
to a community related to their disability, while the majority (155; 87.1%) are users
of assistive devices.
The majority (111, 62.34%) of participants described having a physical disability
as their primary disability, with visually impaired (41, 23.03%) and deaf or hard of
hearing persons (20, 11.24%) comprising most of the remaining participants.
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Participants confirmed the view that people with disabilities are often dissatisfied
with current products, with 38% of respondents either agreeing or strongly
agreeing with the statement ‘I frequently have needs which are not covered by the
products currently offered on the market’. In total, 60% falls into the group that
either somewhat agree, agrees, or strongly agrees with the statement.
In total, 80 participants reporting having developed some kind of solution,
corresponding to 44.94% of our sample. Of these 80 solutions, 17 were judged
novel and 11 scored above 2.5 on average for general value. Note also that novelty
in this context refers to solutions that were unknown to our physical therapy
judges, while high general value solutions were judged by our consumers.
First, we conduct a Harman Single Factor analysis to examine our independent
variables for common method bias. The Harman single factor test is unrotated
exploratory factor analysis on a single factor, with the aim of establishing whether
a single factor explains more than half of the variance. Our analysis shows an
explained variance of 22%, well below the threshold of 50%. A further analysis for
possible common method bias includes assessing the data for strong correlations.
As seen in table 7.2, our correlations are well below the r=0.9 cut-off.
For the 80 solutions, there was an average increase of 1.75 in measured QOL,
which is statistically significant. (t=11.25, df=79, p<0.01, Welch two sample t-test).
Novel solutions did not differ significantly from non-novel solutions (t= 0.90,
df=24.17, p=0.38, Welch two sample t-test). Similarly, solutions judged as
generally valuable were not significantly more impactful (t =1.09, df=12.66,
p=0.30, Welch two sample t-test).
7.5.2 Types of solutions created
Our sample included a wide variety of solutions, ranging from highly technical to
very simple. For example, one respondent describes developing a sonar-based
obstacle detection system that can be head mounted. The system alerts the
wearer of any obstacles. Another describes an arm attachment that allows the
wearer to carry things, with the ability to carry between 40 and 80 kg.
Another assistive device is a 3d printed finger. Users also reported changing their
current assistive devices, such as multiple respondents modifying a prosthesis so
other objects can be attached, including a flashlight, or a small container.
Wheelchair users additionally made changes to the wheelchair, allowing them to
carry more things, for example when travelling. However, these changes also
include less radical adaptations such as attaching light reflectors to the
wheelchair, to be better visible at night.
Solutions also aim at increasing user autonomy, ranging between accomplishing
simple tasks such as picking up small fallen objects using a stick with adhesive
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Variable n % mean s.d.
General data
Age (years) 42.39 15.15
Disability duration 23.74 18.11
Male 75 42.10%
Female 103 57.90 %
Assistive device user 155 87.08%
Member of a community 86 48.31
Level of Education
None 2 1.12%
Primary Education 18 10.11%
Higher secondary education 52 29.21%
Higher non-university education 55 30.90%







Not working 25 14.04%
Other 22 12.36%
Respondents reporting a solution 80 44.94%
Generally valuable solutions 11 6.18%
Novel solutions 17 9.55%
n submitting
Disability type a solution % of n
Physical disability 111 62.36% 58 52%
Visual impairment 41 23.03% 14 34%
Deaf or hard of hearing 20 11.24% 4 20%
Systemic health condition 6 3.37% 4 67%
Solution sharing % of shared solutions %
Shared information on social media 15 25.86% 18.75%
Shown it to peers 36 62.07% 45%
Shown it to commercial entities 1 1.72% 1.25%
Shared it through the media 1 1.72% 1.25%
Shown it to medical professionals 5 8.62% 6.25%
Not shared 22 - 27.5%
Total 80
Table 7.1
Demographic data of our participants
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I II III IV V VI VII VIII IX X
Age (I) 1
Gender (II) -0.10 1
Academic degree (III) -0.04 -0.01 1
Employment status (IV) -0.05 -0.10 0.28** 1
Disability influence (V) 0.04 0.15* -0.11 -0.12 1
Frequency of unmet needs (VI) 0.08 -0.03 0.04 -0.03 0.34** 1
Duration of disability (VII) 0.35** 0.07 -0.03 0.07 0.08 -0.01 1
QOL pre-solution (VIII) -0.22* -0.09 0.27* 0.13 -0.21 -0.06 0.01 1
QOL post-solution (IX) 0.18 -0.23* 0.03 0.15 -0.23* -0.04 0.01 0.35** 1
QOL difference (X) 0.35** -0.08 -0.25* -0.02 0.04 0.04 -0.01 -0.73** 0.39** 1



































tape or having a stick available in the bedroom to switch off the lights while in
bed. Other adjustments to the home were also described such as removing all
obstacles to the wheelchair. These simple modifications can be contrasted by one
respondent having modified their doors so it is possible to open them
automatically.
Adaptions to software were also noted, including one blind user who wrote a
script that will find and mail stock quotes, structured as a table, because the user
cannot read graphs. We’ve highlighted several solutions in table 7.3.
Category Description
Tools & equipment Developed an arm for peoplewith amputated limbs, allowing them
to carry or pull objects between 40kg and 80kg
Household fixtures & furnishing Automatic opening of the doors when I enter my home
Sports, hobby & entertainment Modified sport-diving equipment, allowing me put the oxygen
tanks on the ground more conveniently.
Food and clothing Attached rings to zippers, allowing easier opening and closing.
Transport & vehicle Several ramps around the home for my wheelchair, allowing easy
access
Help, care & medical Head-mounted sonar-based obstacle detection system
Computer software Computer script that finds and mails stock quotes, displayed a ta-
ble.
Table 7.3
Selection of solutions across a variety of product categories
7.5.3 High general value solutions
We argued that persons with disabilities are potential drivers of product
innovation. Our consumer judges assessed the results, indicating that 11
solutions have high general value. In order to estimate which characteristics are
likely indicators of participants generating solutions that are of high general
value, we conducted a binary regression analysis, presented in table 7.4. Recall
that our outcome variable, high general value solutions, comprise the top quartile
of solutions, as scored by our judges.
In all cases, we report report Nagelkerke’s R2 along with Akaike’s Information
Criterion (AIC) (Akaike, 1987) and -2 Log Likelihood (-2LL). Nagelkerke’s R2
indicates the overall strength of association in the model, where higher numbers
indicate that more variance is explained. -2LL, similar to AIC enable us to
estimate relative model fit, where lower values in both cases indicate better model
fit. Both AIC and -2LL should thus be interpreted relative to each other.
Additionally, we report, B, exp(B) and levels of significance. Finally, the overall
model significance is also reported. Also, as is common with regression models,
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Error bars indicate 95% confidence interval
Impact of unmet needs on high 
general value solution creation
Figure 7.3
Impact of degree of unmet needs on having a solution of high general value
we define our cut-off for statistical significance at p<0.1 (Oliveira, Zejnilovic,
Canhão, and von Hippel, 2015; Schuhmacher and Kuester, 2012; Schweisfurth
and Raasch, 2015; Schweitzer, Gassmann, and Rau, 2014).
Model 1a is an intercept-only model, allowing us to compare subsequent models.
Model 1b introduces our three control variables, with only age having a
significant impact exp(1.04)=0.04, p=0.1. However, Model 1b fails to reach
statistical significance (p=0.13) and also performs poorly when compared with
our null model, with AIC values of 66.41, which is slightly more than the AIC of
our null model (∆0.35)
Model 1c, which includes our three independent variables, disability duration,
disability influence and unmet needs indicates that disability duration fails to
impact our outcome variable (p=0.26), while disability influence significantly
negatively impacts our outcome variable exp(0.69)= -0.54, p=0.06. Finally,
unmet needs are a significant predictor of solutions of high-value exp(3.05)=1.12
(p=0.01). In our final model, none of our control variables is significant.
Correspondingly, model fit has also improved, with Nagelkerke’s R2=0.36, i.e.:
more than a third of variance can be explained by our model. In turn, AIC and
-2LL has decreased, indicating better model fit.
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Dependent variables: high general value solutions
Model 1a Model 1b Model 1c
B exp(B) p B exp(B) p B exp(B) p
Control Variables
Gender1 -0.97 0.38 0.17 -0.89 0.41 0.26
Age 0.04 1.04 0.10* 0.05 1.05 0.11
Academic Degree2 -0.12 0.89 0.87 -0.37 0.69 0.67
Independent Variables
Disability Duration -0.01 0.99 0.45
Disability Influence -0.54 0.58 0.06*
Unmet Needs 1.12 3.05 0.01***
Constant -1.84 <0.01*** -2.15 0.23 -5.25 0.07*
Observations 80 80 80
Nagelkerke R2 0.124 0.364
-2Log Likelihood 64.06 58.4 46.14
Akaike Inf. Crit. 66.06 66.41 60.13
Model significance 0.13 <0.01***
Notes:
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table 7.4































We additionally perform a series of model diagnostics. First, we assess the data
for problematic residuals (i.e: cases with standardised residuals larger than 2).
This indicates no issues, with only 2 cases (or 2.5%) being cause for concern, less
than the recommended 5% threshold (Field, Miles, and Field, 2012, pg. 269).
Lastly, multicollinearity is also not an issue, with mean VIF values of 1.22 and a
maximum of 1.59 (disability influence).
Finally, with 80 samples for Model 1c with 6 predictors, our model might suffer
from a low sample size, even if it reaches a commonly held recommendation of
10 variables per predictor (Peduzzi et al., 1996). This recommendation has
recently been viewed as too conservative (Field, Miles, and Field, 2012, Chapter 7
and Miles and Shevlin, 2001, Chapter 5).
As a result, we repeated our analysis, limiting ourselves to only our three
predictor variables of interest (disability duration, disability influence and unmet
needs). The resulting analysis confirms that both disability influence and unmet
needs are a significant predictor of high general value solutions (model
significance <0.01). This table can be found in our appendix as table B.4, on page
247.
7.5.4 Solution diffusion
Following our evaluation of high general value solutions, we proceed with
assessing solution diffusion. From our 80 participants submitting a solution, 58
were subsequently diffused through a variety of channels. The vast majority of
persons shared their solution only with peers, with only two people sharing
through traditional media or making an attempt to commercialise their solution
by sharing it with a commercial entity (see figure 7.4).
Our results are shown in table 7.6. Model 1a is a null-model, containing no
predictors. This model allows us to compare any subsequent models. Model 1b
thus introduces our predictor variables: solution novelty (a binary categorical
variable), solutions of high general value (also a binary categorical variable) and
finally our participants’ assessed quality of life impact of their solutions.
Model 1b suggests that both high general value solutions and quality of life
impact of a solution are a predictor of solution sharing, with the quality of life
impact increasing the likelihood of sharing and high general value solutions
lowering the chance of sharing. Overall, our model is significant (p=0.05), with
14% of the variance explained.
We finally perform a series of model diagnostics2. First, we assess the data for
problematic residuals. No cases meet the criteria. Our Cooks distance is also well
2See page 23 for more detailed information about model diagnostics.

























































































Solution sharing by participants
Figure 7.4























































































































Impact of disability duration, disability influence and unmet needs on the likelihood of gen-
erating an idea of high general value
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Dependent variable: sharing a solution
Model 1a Model 1b
B exp(B) p B exp(B) p
Solution novelty1 0.45 1.56 0.53
Solution of high general value2 -1.80 0.16 0.02**
Quality of life impact 0.36 1.43 0.1*
Constant 1.03 <0.01*** 0.66 1.93 0.14
Nagelkerke R2 0.14
Observations 80 80
-2 Log Likelihood 92.10 84.14




1: Non-novel solutions as base variable
2: Non-high general value solutions as base variable
Table 7.6
Assessing which attributes are associated with solution sharing



























Error bars indicate 95% confidence interval
Impact of quality of life on likelihood
of solution sharing
Figure 7.6
Impact of quality of life and the likelihood of sharing a solution
below 1, with a maximum of 0.21. Lastly, we see if there are any issues with
multicollinearity. With VIFs ranging between 1.21 and 1.17 multicollinearity is not
a concern.
7.6 Discussion and Conclusions
In the current study, we explore attributes associated with high general value
solutions and solution diffusion. Our rationale for this study was the reported
high incidence of unmet product needs among persons with disabilities and the
subsequent effect this might have on the likelihood of solution development
along with the need to identify persons creating high general value solutions.
Before we discuss our findings, we note some limitations. First, it is plausible
that our survey attracted respondents more likely to innovate as a result of their
membership in various online communities through which our survey was
distributed. Additionally, snowballing might have led to participants purposefully
asking others whom they suspected might have developed a solution. As such,
our results should be generalised with caution.
Second, and in relation to this, our sample size is modest, and larger scale studies
could further explore and validate our findings. Our study also only explores a
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Hypothesis Outcome
H1a: Solution sharing is positively associated with solution novelty Not supported
H1b: Solution sharing is positively associated with solutions of high general value Supported
H1c: Solution sharing is positively associated with quality of life impact of solutions. Not Supported
H2a: High general value solutions are positively associated with disability duration. Not supported
H2b: High general value solutions are positively associated with disability influence. Supported
H2c: High general value solutions are positively associated with unmet needs. Supported
Table 7.8
Hypothesis evaluated in chapter 7
limited number of variables that may have influenced the likelihood of a
participant developing a solution of general value, partly given our modest
sample size. Other important factors might include openness to new technology
(Lettl, Herstatt, and Gemuenden, 2006; Schreier, Oberhauser, and Prügl, 2007)
or creativity (Füller, Matzler, Hutter, and Hautz, 2012).
Additionally, while our inter-rater reliability surpassed similar studies (Kornish
and Ulrich, 2014; Magnusson, Wästlund, and Netz, 2014), we fail to reach
“substantial” levels. There was thus still some disagreement between both panels
of judges. Differences in judging panels may thus impact the results.
Finally, we used a quality of life measure derived from Oliveira, Zejnilovic,
Canhão, and von Hippel (2015). However, given the difference in time between
the solution implementation and conducting the survey, our respondents’
feedback may not be an accurate reflection on their pre-solution quality of life.
Nonetheless, our study yielded some interesting insights. Given global estimates
that 15% of people are disabled (WHO, 2011, p. 28), our survey suggests that
millions of people are engaged in developing solutions that have a positive impact
on their quality of life, even if these results lack technical sophistication.
Additionally, these results are not widely diffused beyond participants’ peers, and
thus remain unknown to the wider population.
With regards to innovation by patients with chronic diseases, our results broadly
corroborate the findings by Oliveira, Zejnilovic, Canhão, and von Hippel (2015),
where 53% compared with 44.94% (our study) reporting a solution and 8%
compared with 9.55% (our study) participants developing a novel solution. Our
study finds slightly fewer persons reporting a solution (44.94%). This may be
attributed to the fact that our study does not include caregivers, as opposed to
Oliveira, Zejnilovic, Canhão, and von Hippel (2015), where caregivers are
included.
More generally, within our sample, we find higher ratios of novel solutions when
compared with studies about consumer innovation globally (6.1% in the UK,
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5.2% in the US and 3.7% in Japan von Hippel, Ogawa, and Jong, 2011). A study in
Finland by de Jong et al. (2015) arrived at a share of 8.69% innovators but these
also included a convenience sample where the share of innovations was thought
to be higher than the general public (people with higher education and technical
workers).
Overall, the higher share of novel solutions found in our study may relate to our
assertion that the degree of unmet needs among people with disabilities is
higher, as evidenced by the dissatisfaction with products as reported both in our
study and other studies among persons with disabilities (Fallahpour, Kottorp,
Nygard, and Lund, 2014; Phillips and Zhao, 1993; Ravneberg, 2012; Rosenberg,
Kottorp, Winblad, and Nygard, 2009). These unmet needs translate to a higher
share of solution development.
Worth reflecting on is the impact of teams or co-creation between persons with
and without disabilities. While our results are only individual, the potential of
combining persons with and without disabilities within particular product
domains could be valuable. Of interest would be comparing the results of teams
and individuals but also combinations of product domains and disability type.
With regards to the rate of solution development found in our study, we
emphasise that other factors such as socioeconomic status and access to formal
health care facilities may further impact the need for people to generate
solutions. Whereas our study was conducted in an environment with access to
health care and assistive technology, other socio-economic factors such as limited
finances and healthcare may result in higher proportions of innovating persons.
The rate of solution diffusion was high (73.5%). Of these, a majority (62.07%)
was only shared with peers. Sharing with medical professionals, the press or to
commercial partners was limited. This is the case despite the fact that 48.3% of
our sample report being a member of some type of organisation for persons with
disabilities.
Our binary regression model in table 7.6 interestingly also suggests that
solutions that are viewed as high in general value by our consumer judges are
statistically significantly less likely to be shared. One possible explanation for this
result might be in the diffusion channel: as noted earlier, most people choose to
share the solution with peers. A solution with high general value (as judged by
our consumer judges) might thus be viewed as less valuable to a particular
person’s peer (another person with a disability), while solutions that impact the
quality of life the most, have a higher likelihood of being diffused to a peer.
We find little evidence of further diffusion of ideas into the wider market. When
people innovative, they are primarily engaged with satisfying their own personal
needs and as such see no reason to undertake a serious effort to further diffuse
their results, which explains the lack of commercialisation.
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Finally, regarding the creation of generally valuable solutions, our findings
suggest that some of the unmet product needs experienced by persons with
disabilities could be translated to solutions with wider commercial and personal
applicability for non-disabled people, as measured by our consumer judges.
Specifically, our results confirm that current unmet needs can be associated with
product innovators (Duverger, 2012b; Franke and Shah, 2003; Stock, von Hippel,
and Gillert, 2016). However, while self-reported disability influence may also be a
potential indicator of generally valuable solution development, our analysis
points in the opposite direction: higher disability influence results in a decrease
in the likelihood of creation of a generally valuable solution.
The needs of people with higher disability influence – while engaged in
developing personally helpful solutions – may thus not translate well to generally
valuable solutions. Finally, the length of the disability does not have any impact
on the creation of a generally valuable solution.
Chapter Summary
Persons with disabilities are actively engaged in solution development across a
broad variety of product domains.
Solution diffusion is common, but does not reach beyond immediate peers and
social media.
Solutions judged novel were not more likely to be diffused, while those of high
general was less likely to be diffused. Solutions high in quality of life impact
were more likely to be diffused.
High general value solutions were associated with the disability impact and un-
met needs, but not with the disability duration.
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Chapter 8
Evaluating the Impact of Lead User
Consultation
Our final chapter will examine the impact of consultation by a person with disabilities
(framed as a lead user) as part of the design process on the outcomes of design task
RQ5: What is the impact of consultation by a disabled lead user on design outcomes?
8.1 Introduction
Our final study1 concerns the inclusion of a lead user as part of a product
development process. Our previous results have indicated that persons with
disabilities are both more likely to be engaged in solution development and that
their solutions are both more original and of higher user value than persons
without disabilities (see chapter 5). We have established the potential value of
solution and idea developed by persons with disabilities and also examined if
physical stress functions as a proxy indicator for disability. With this chapter, we
consider if the inclusion of persons with a disability as part of the design process
will result in higher quality ideas, as measured by their user value, originality and
feasibility.
As discussed in chapter 1, von Hippel (1986) proposes several ways in which lead
users might be involved in new product development. We can roughly
1This chapter is an edited version of P. Conradie, L. DeMarez, and J. Saldien (2017). “User consultation
during the fuzzy front end: evaluating student’s design outcomes”. In: International Journal of Tech-
nology and Design Education 27.4, pp. 563–575. ISSN: 0957-7572. DOI: 10.1007/s10798-016-9361-4.
URL: http://link.springer.com/10.1007/s10798-016-9361-4.
distinguish between lead users 1) providing valuable needs based insights as a
result of novel product needs, 2) generating ideas that can subsequently be
translated into products, and 3) having developed working prototypes to meet
their needs.
Chapter 2 correspondingly summarised a variety of ways through which persons
with disabilities were involved in some sort of new product development, from
the perspective that their alternative product experiences and ahead of trend
needs that can provide valuable input to designers. A relevant question is thus if
the involvement of a person with a disability as a consultant has any impact on
design outcomes.
While this generally aligns well with the aims set out in this thesis, this question
is also of value within the broader context of human centred design and user
involvement. Involving users remain complex and do not guarantee successful
outcomes (Bano and Zowghi, 2014). While much research aims to document and
describe user-centred processes and their implementation in either an education
or practical context, there is less work available on the effect of user involvement
on design outcomes (Bano and Zowghi, 2014; Kujala, 2003; Lai, Honda, and
Yang, 2010), or selecting appropriate end users (Bano and Zowghi, 2014).
Furthermore, questions remain about how cost-effective and efficient this
practice is (Kujala, 2003).
8.2 Literature Overview
8.2.1 Involving users and the lead user method
Creative product ideation is an important part of new product development and is
crucial in determining product success. The early stage of development, or ‘fuzzy
front end’ (Moenaert, De Meyer, Souder, and Deschoolmeester, 1995), is
characterized by uncertainty (Reid and De Brentani, 2004) and efforts are taken
to improve decision making during these initial phases (Eling, Griffin, and
Langerak, 2013).
As we discussed in chapter 6, in-house engineers, designers and marketeers
typically take the most prominent role in coming up with new ideas and
solutions, based on what they perceive the needs of the market might be. With
the proposal of lead user innovation, there has however been increased attention
given to benefit of user-driven innovation, especially in the light of their capability
for idea generation that outperforms in-house developed products (Nishikawa,
Schreier, and Ogawa, 2013).
Beyond lead user involvement, product and design engineering textbooks such as
those from Cross (2008, pg. 104) or Pahl, Beitz, Feldhusen, and Grote (2007, pg
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.77) also propose user involvement as a way of creating better design outcomes.
Practical handbooks such as Convivial Design Toolbox: Generative Research for the
Front End of Design by Sanders and Stappers (2013) introduce a variety of methods
that can be used by students to generate designs, often while involving users.
Typical strategies may include focus groups (Denton and McDonagh, 2003), or
the creation of personas from observations or user research (Miaskiewicz and
Kozar, 2011). These methods are aimed at supporting the creation of innovative
concepts (Pahl, Beitz, Feldhusen, and Grote, 2007). Users can give designers
knowledge and expertise they lack, while also providing contextual information
about product use (Klapwijk and Van Doorn, 2015).
However, while user involvement is increasingly advocated, it does not guarantee
product success. A systematic review of user involvement and system success by
Bano and Zowghi (2014) highlights that out of 87 studies analysed, 12 suggested
a negative contribution and 23 were uncertain. Kujala (2003) states that, while
user involvement is broadly associated with successful design outcomes, the
exact role of end-users in this process remains to be researched in addition to the
efficiency of gathering user requirements.
From the perspective of design education, it is additionally important to search
for tools and techniques that allow students to efficiently contribute to new
products. As noted by Miller and Summers (2013), an important reason why
students do not use particular methods during the design process is the effort
associated with doing so.
We have argued previously that people with disabilities are an overlooked group
of potential lead users and we have also compared their ability of solution
development with persons without disabilities, with positive results. We now
proceed to explore whether the involvement of a selected person with a disability
as a consultant, can have any impact on design outcomes.
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For this chapter, we depart from a slightly different rationale than earlier studies,
where someone’s own unmet needs were viewed as an antecedent of innovative
behaviour. Rather, to evaluate the impact of a lead user consultant, we frame their
acquired knowledge within a particular knowledge domain as being able to
influence the outcome of solutions.
We thus closely follow an earlier study by Magnusson (2009), who analysed the
impact idea generation ability of ordinary users when given consult by
professionals in a given technological domain. We differ with respect to our
professional being a selected lead user with a disability and our users being
design students. Once again, we turn to the quality dimensions of solutions used
in chapter 5, and 7, namely user value, originality, and in the case chapter 6,
feasibility.
Hypothesis
H1a: Designers with access to a lead user consultant will have results that score
higher in user value
H1b: Designers with access to a lead user consultant will have results that score
higher in originality
H1a: Designers with access to a lead user consultant will have results that score
higher in feasibility
8.3 Method
8.3.1 Lead user selection
To find an appropriate participant, we consulted several organisations for visually
impaired persons. We explicitly focussed on a visually impaired person given the
context of the design assignment, where there is a reliance on non-visual data
such as tactile information, but also the manipulation of devices purely on touch.
We initially conducted qualitative interviews with six (four females and two
males) blind persons by phone, followed by two focus group discussions. Group 1
contained nine participants, while group 2 contained twelve. The interviews first
centred on the use of assistive devices but also included questions on whether
participants have developed or adapted their own mobility devices. Through
contact with an organisation that provides mobility training for blind youths, we
located our lead user, Daniel (anonymised). Daniel is in his mid 30’s and partly
blind.
Given the sample size of our participants, we did not perform a survey to
measure ahead of trend status or unmet needs. Rather, we qualitatively assessed
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several proxies for lead userness identified in the literature. First, he had
sufficient technical knowledge (Franke, von Hippel, and Schreier, 2006; Lettl,
Herstatt, and Gemuenden, 2006), having developed a tactile mobility aid due to
personal dissatisfaction with current market offerings. Relevant for the theme
within this study, he also has experience in managing a manufacturing
environment, having worked as a workshop manager for a medium-sized
furniture factory, providing product-related knowledge (Belz and Baumbach,
2010; Marchi, Giachetti, and de Gennaro, 2011). Finally, he is also critical about
the current tools and techniques available for managing time in this environment
(Schreier and Prügl, 2008).
Our participant was made available as a consultant for students. Students were
selected at random for the consultation and were not aware of the goal of the
study, nor did they know that they were specially selected to be part of the
experimental group. Our consultant was given the opportunity to provide
feedback on the concepts students already had, considering topics such as the
context of use, the form of particular devices and ways users might interact with
any proposed solutions.
8.3.2 Research setting
As part of their curriculum, third-year design engineering students participate in
a two-week intensive program, where teams work around a preselected theme to
solve a design problem. For this study, the theme was the development of a time
registration device to be used in a small-scale industrial manufacturing context.
This project is done in collaboration with a regional SME, a manufacturer of time
logging devices. Their aim was to explore the scope and use of their current
device.
The typical operating environment of the end-users of this product can be very
challenging. For example, gloves need to be worn, which restricts the user’s
hands. Environmental sounds restrict hearing to some extent, while at other
times hands may be too dirty to operate sensitive controls. Tasks are sometimes
conducted in uncomfortable positions, with restricted sight. Workers are thus
continually dealing with environmental restrictions that are acting as a disabler.
Students were assigned to make a prototype of a time tracking device in these
challenging conditions while taking into account the restrictions associated with
small-scale industrial manufacturing. The first week was spent on gathering user
requirements and developing several concepts, while the second week was spent
developing a prototype device.
Students were given presentations about user research, visited two companies
where they were given tours and background information on the manufacturing
process. The first company employs persons with physical and mental disabilities
for the manufacturing of cables. The context of this manufacturing environment
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makes it necessary for any systems and tools to be intuitive and easy to use. The
type of work is focussed on the assembly of different components, finally
resulting in working products. The second is a manufacturer of wood furniture
where conditions are challenging due to noise, while restrictions such as dirty
hands sometimes complicate using time tracking devices.
Our method closely follows Magnusson, Matthing, and Kristensson (2003), who
studied ideation effectiveness between 1) users that were able to consult a
professional (n=20), users without access to a consultant (n=19) and
professionals (n=12) in the domain of service development. We allowed teams to
consult with a pre-selected lead user. Students were not made aware of the
purpose of the involvement of the lead user. Similar to Poetz and Schreier (2012)
we also examined the solutions generated by the students themselves and not the
idea generators. In total, 40 ideas were evaluated, evenly spread between the
experimental (n=20) and control group (n=20).
The total group of students (n=17) were divided into two groups. Group 1, the
Lead User Group (n=8) had access to a lead user that provided consultation
during the initial phases of the assignment. Group 2, Control (n=9) lacked access
to this lead user but performed the assignment in the same way as the Lead User
Group. The groups were randomly assigned.
8.3.3 User consultation
At the end of the first week, the lead user group met with a selected lead user to
discuss and present their early ideas. Our participant was briefed before the
consultations about the tasks of the students but was not aware of the specific
goals of the study. The groups were not aware of the study, nor were they told
about the consult. Additionally, they did not know whether they were included or
excluded from the experimental group.
Together, students could brainstorm about possible solutions, and receive
feedback about current concepts. They were also able to ask questions related to
system use and current issues associated with time management in a
manufacturing environment. Our participant was given the opportunity to
comment on idea feasibility, to provide new ideas to students, and evaluate their
ideas. He was also encouraged to comment on various detailed aspects of the
design, such as non-visual feedback and interaction. A researcher was present
during these consultations acting as facilitator, initiating conversation and
summarising discussions.
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Figure 8.2
Prototype of a time tracking device developed during the course
8.4 Results
8.4.1 Concepts
Students made prototypes of their concepts, using material such as clay, wood
and plastic. Additionally, they filmed scenarios that illustrate the use of the
prototype system. Personas were also used to clarify the user group needs. Data
for these personas came from the factory visits and the lead user consults.
Concepts developed by the students include hardware solutions combined with
smartphone applications that allow time tracking, or systems that facilitate
recording messages on the factory floor to improve the flow of information
between workers.
System wearability was also important, resulting in concepts that can be carried
around the wrist. The use and prevalence of gloves in the factory, combined with
the need for non-visual interaction also resulted in prototypes that are clearly
non-symmetrical with very distinct button placements. Clear colour palettes were
used to convey functions and students considered the added value of the system
from the perspective of the users, as opposed to the factory floor managers.
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Figure 8.3
Concept sketch presented to judges, also accompanied by a text description
8.4.2 Measuring the results
To measure the quality of the concepts, we used the Consensual Assessment
Technique (CAT)(Amabile, 1996; Baer, Kaufman, and Gentile, 2004), often
applied in similar studies (see for example Duverger, 2012b; Kristensson,
Gustafsson, and Archer, 2004; Magnusson, 2009). Typically, scores are given on
one or more attributes by judges. In similar studies, attributes such as 1)
Originality, 2) User Value and 3) Producibility (Magnusson, 2003) or 1)
Originality, 2) Value, and 3) Realization (Kristensson, Gustafsson, and Archer,
2004) are common. In keeping with this, we selected the three attributes 1)
Originality, 2) User Value and 3), Feasibility.
As recommended by Amabile (1996), there was no calibration of the judges’
interpretation of the given scales. In our study, ratings were done anonymously
and the rating was blind, i.e.: judges were not aware of the goal of the study, nor
were they aware of the experiment, or the presence of the user as a consultant.
Students were asked to provide a textual description of each concept, along with a
concept visual to illustrate their idea. To make reviewing the results possible, we
digitised all the concepts developed by the students. They were subsequently
randomised and presented in online form (see figure 8.3 for an example concept).
Judges were shown all 40 concepts in random order and asked to rate these on
the above-mentioned criteria (user value, originality and feasibility).
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DLU Group Control Group Welch t-test
n=20 n=20
Attribute Mean SD Mean SD t-statistic p
Feasibility 2.64 0.71 2.85 0.8 -0.89 0.38
Originality 3.01 0.67 3.08 0.57 -0.32 0.75
User Value 3.14 0.58 3.35 0.68 -1.06 0.3
Table 8.1
Welch two sample t-test on our solution outcomes
8.4.3 Judges scores
We asked the judges to evaluate the results of the student concepts. Our panel
consisted of four judges all involved in the implementation of new tools in an
industrial manufacturing context with experience in selecting and implementing
appropriate tools and techniques to improve production and manufacturing
processes. For each of the three measured attributes, judges were asked to
indicate on a 5-point scale how high they scored the concept on 1) Feasibility, 2)
Originality and 3) User Value. A score of 1 indicated very low feasibility, etc., with
a score of 5 indicating high feasibility etc.
We calculated inter-rater reliability between our judges with intraclass correlation
coefficients ICC. This revealed moderate agreement for User Value (0.5; p<0.01)
and Feasibility (0.53; p<0.01), while agreement for Originality (0.61; p<0.01) was
substantial (Landis and Koch, 1977). To further analyse the results, we used the
mean values for the three measured attributes (Amabile, 1996; Baer, Kaufman,
and Gentile, 2004; Kristensson, Gustafsson, and Archer, 2004).
For all cases, we find no significant results, with User Value, Originality and
Feasibility all not scoring significantly different in either group. We also
separately analysed the results from each of the four judges, also revealing
non-significant differences between the control and the consult group for all the
attributes included in the judges’ review. This was consistent with the analysis of
the aggregate data. Given these results, all three research hypothesis must be
rejected. Table 8.1 shows the results.
To assess whether there are any significant correlations between the measured
attributes, we used a 2-tailed Spearman’s rho test. This analysis shows that User
Value correlates with Originality (r=0.37, p=0.02), corresponding to previous
related studies (Kristensson, Gustafsson, and Archer, 2004). Unusually, in our
















Error bars indicate 95% confidence interval
Comparing quality indicators of developed solutions
Figure 8.4
Mean values of user value, originality and feasibility for the disabled lead user and control
group
case Feasibility is also correlated with User Value (r=0.57, p<0.01), while
Feasibility and Originality are not correlated significantly (r=0.25; p=0.12).
When sourcing new concepts, it might be expected that only the best concepts
will be taken into consideration, while the rest are ignored. To calculate which are
the best ideas, we added up averages for each concept, for each of the four judges
within each of the three examined categories, resulting in a total score for each
concept. We subsequently took the concepts that scored within the top 25%.
These showed that out of a total of 12 cases within the top 25%, 7 stemmed from
the control group and 5 from the experimental group. A Chi2 test reveals that
these differences are not significant (p=0.49).
8.5 Discussion
Our aim in this study was to examine if the involvement of a lead user with a
disability has a significant impact on the outcomes of students solution
development. Students in our sample were tasked with the redesign of a time
tracking device in an industrial manufacturing context.
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While our literature review has highlighted some examples of lead user
involvement and benefits on new product development in the fuzzy front end, in
our study no discernable differences could be found. Concepts were judged by a
panel of four judges and revealed no significant differences between the concepts
of the control and experimental groups. These results are contrary to our initial
expectations, and it is worth reflecting on this outcome.
First, with regards to user involvement generally, it is important to note that in
comparative studies on the value of involving users for new product development,
scholars have often have isolated the user involvement, in order to evaluate their
effectiveness (Magnusson, Matthing, and Kristensson, 2003; Schuhmacher and
Kuester, 2012). In a real-world design context, this may not always be the way in
which users are involved. This is especially true in an education context.
Instead, user requirements gathering in an industrial design engineering course
may include a variety of taught methods such as making personas from user
research, user observations or workshops to generate system requirements
(Wormald, 2011), as was also the case during our course. In this case, user
involvement or consultation is thus not isolated and happens as part of a variety
of other methods and input.
As a result, the added value that a user consult may have is reduced. Additionally,
and by design, the involvement was restricted to a consultation with a
pre-selected user for a limited time-frame. This could account for the
non-significant differences between concepts from the lead user and control
groups from the perspective of the jury scores.
Additionally, our study highlights the difficulty in demonstrating the value of
particular methods to students when used in combination with other ideation
techniques or user requirements gathering efforts. While studies have previously
illustrated the benefit of user involvement, as part of the actual design process the
value may thus be diminished.
Another related but important point is that in studies where user involvement
has previously been shown to benefit new product developments, ideas directly
from the users themselves were evaluated. As shown, these concepts can yield
valuable results that can compete with concepts from professionals (Magnusson,
Matthing, and Kristensson, 2003). However, during the fuzzy front end where
users are involved, the students themselves first evaluate the value of these ideas,
before translating them into concepts. As a result, concepts and ideas may
mutate and it may be hard to discern the origin of particular concepts. Overall,
this study highlights the difficulty of identifying the value of user involvement as
part of the design process where students undertake multiple activities to gather
input for their concepts.
More specifically in relation to lead user theory, and also mentioned in our
introduction, we have deviated from the common ways in which lead user are
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involved. Whereas we have previously emphasised that lead users might have
valuable insights with regards to needs not yet felt by the rest of the market, ideas
for meeting those needs and solutions developed, our current lead user
consultant was not a problem owner within the particular product domain.
Despite his experience with developing his own solutions and being
knowledgeable in the particular application domain, our lead user lacked the
personal need to solve a time tracking problem in a manufacturing context. The
use context, with reduced sight, noisiness or the need for robust controls with
sufficient tactile feedback, seemed appropriate for the inclusion of our selected
lead user.
However, his immediate needs are not solved directly by contributing ideas or
suggesting improvements. In itself, this is not rare in the literature of lead user
innovation. An illustrative example is the incorporation of veterinary surgeons’
innovative surgical drapes for their own patients, in non-veterinary contexts by
3M (von Hippel, Thomke, and Sonnack, 1999). In this case, the veterinary
surgeons were lead users who have already solved their own problem but could
be of assistance in a related, adjacent domain. Nonetheless, the value of the
incorporated lead user may be better leveraged if they were contributing ideas
that solve a problem they are currently experiencing.
Finally, we note that the moment at which our lead user was involved might
similarly have impacted our outcomes. While consults were given early during
the two-week program, which means that students could still adapt and change
their ideas, they might have already been too far along for our consultant to effect
any meaningful changes. Instead, he might have been forced to comment more
on issues of usability (i.e.: incremental improvements) rather than challenging
the overall concept proposed by students.
8.6 Limitations and Future Research
Agreement between judges, while deemed moderate (Landis and Koch, 1977), did
not reach levels sometimes found in related studies. While, as a precaution,
t-tests on the individual four judges’ scores revealed no significant differences
between the measured attributes, it is nonetheless possible that the way in which
results were judged and the experience of the judges may not be sufficient to
identify originality, feasibility or user value. The way in which the concepts were
presented, with a picture and a description, is also not uncommon for studies of
this kind (Schuhmacher and Kuester, 2012) but may also have been insufficient
to convey the differences between the presented concepts.
A further limitation of the current study is that the idea generators consisted of
undergraduate students, just prior to graduation of their bachelor degrees. While
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others studies have also explored product innovation by using students as idea
generators (Franke, Keinz, and Schreier, 2008; Franke and Piller, 2004;
Magnusson, Matthing, and Kristensson, 2003), it is possible that the cohort of
students involved in the study was unable to translate feedback and discussions
sufficiently into an innovative concept, due to inexperience.
Our sample size was also limited, with only 40 concepts in total analysed, which
can have effects on the validity of the results. Nonetheless, as argued by Jan and
Shieh (2011), our modest sample still provides adequate power.
As also noted in our discussion, our selected participant did not solve any specific
personal need during the assignment. It would be of interest to perform a similar
study, but with different selection criteria where there might be a more explicit
focus on unmet needs.
Chapter Summary
The involvement of a lead user with a disability had no effects on the design
outcomes of students with regards to their user value, originality or feasibility.
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9.1 Summary of Results
Within this work, we explored various facets of user-driven innovation from the
perspective of persons with disabilities, with the central position that people with
disabilities are an overlooked cohort as a source of product innovation. Our main
rationale was that while (lead) user-driven innovation is well established and the
benefits of user-developed solutions well illustrated, the process through which
users might be identified is often costly, and timely identification of innovative
users remain challenging. It is thus of interest to know whether a particular
group of people might be more likely to act as an innovator. More specifically, we
have proposed a range of research questions related to persons with disabilities as
a source of innovation.
We’ve done so through exploring 1) whether physical stress can act as a proxy for
disability 2) whether solving the needs of persons with disabilities can appeal to
people without disabilities 3) whether persons with disabilities and those without
differ in their rate of solution development and solution quality, 4) which
disability-related attributes are predictors of idea generation and solution
development within a cohort of people with disabilities, and finally 5) whether the
involvement of a person with a disability as lead user consultant has any impact
on design outcomes. In brief, we will summarise and reflect on our findings. A
summary of all evaluated hypothesis is shown in table 9.1.5.
9.1.1 Using physical stress as proxy
Before turning our focus to persons with disabilities, we took a detour in chapter
3 toward a more expansive framing of disability. Our rationale for this study was
that disability itself is not dichotomous and is the result of an interaction between
someone’s environment, tools, products and abilities. We argued that physical
stress, in combination with environmental factors could similarly be viewed as a
predictor of innovative user behaviour. Our research domain for this study was
the Belgian national post.
RQ1: Is physical stress a proxy for disability with respect to user driven
innovation (chapter 3)?
We found that while physical stress was correlated with the likelihood of having
an idea, when controlling for unmet needs, age and gender, no significant effects
were found. In this specific study, physical stress did not predict solution
development. However, these results currently do not control or consider other
work-related factors that might have an impact on our outcomes, including
employee satisfaction.
9.1.2 Needs
After rejecting the impact of physical stress we shifted our focus to people with
disabilities more exclusively. Of first interest was whether solutions developed to
solve the needs of persons with disabilities would also meet the needs of people
without disabilities, i.e.: be of value to the larger market.
RQ2: Can solving the needs of persons with disabilities appeal to persons without
disabilities (chapter 4)?
We explored this question by evaluating a selection of 98 solutions developed
through a co-creation process with persons with disabilities, industrial design
students, ergo-therapy students and caregivers. The results in chapter 4 proposes
that while disability is very heterogeneous and the specific product needs of each
person will differ, these needs are often shared with a large cohort of
non-disabled persons. For people without disabilities, these needs might not be
at the forefront but are arguably latent.
Our study was methodologically explorative and as a result, we are not able to
offer a direct comparison between persons with and without disabilities. Given
this, we leave the exact interpretation of the share of solutions valuable for a large
market open to the reader.
Nonetheless, our results do suggest that a disability first approach to design is
possible. This challenges the currently prevalent practice of designing first for
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persons without disabilities and then subsequently assessing which changes
might be needed for people with disabilities. More specifically, the latent needs
experienced by everyone who might have a contextual disability (limited use of
their limbs, sight or hearing) can be explored by more closely involving persons
with disabilities.
9.1.3 Comparison between persons with and without disabilities
The answer to whether the needs of persons with disabilities potentially meet the
needs of people without disabilities - while valuable in itself - neglects the
question whether there are any differences in the respective ability of persons with
disabilities and those without to develop solutions. To explore this, we turned to
the following research question:
RQ3: Do persons with disabilities and those without differ in their rate of
solution development and solution quality (chapter 5)?
Through comparing both the rate of solution development and the quality of the
developed solutions, we found that persons with disabilities are both more likely
to be engaged in solution development and that these solutions are of overall
higher quality. More specifically, their solutions were scored both higher in user
value and originality, while being similar in their general value.
These results were confirmed when controlling for unmet needs. While the
general value of solutions was not significantly higher, this need not be the case,
since solutions scored equal in value to our cohort of people without disabilities.
Chapter 5 thus provides confirmation for a central question posed in this thesis,
namely that all things being equal, it is more likely to find original and high user
value solutions from a cohort of persons with disabilities than from those
without.
Beyond this, we were also able to compare other valuable factors between people
with and without disabilities, namely that the impact of the developed solution on
their quality of life is significantly higher than for persons without disabilities.
We also find support for the increased levels of unmet needs, with people with
disabilities also being significantly more dissatisfied.
9.1.4 Evaluating ideas and solutions
If the aim is to involve persons with disabilities more closely as a source of
innovation, it is also of interest to understand if there are any specific
disability-related attributes that might be associated with idea generation and
solution development respectively. In chapter 6 we looked at which attributes
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might be associated with both the likelihood of generating ideas and the quality
of ideas. We’ve drawn from existing literature on user innovation and proposed
disability influence (i.e.: the effect a disability has on the daily life of someone)
and the disability duration (i.e.: how much experience does someone have with a
specific disability) as predictors, along with their overall degree of unmet needs.
RQ4.1 and RQ4.2: Which disability related attributes are predictors of idea
generation and solution development within a cohort of persons with disabilities
(chapter 6 and 7)?
In chapter 6 we found that disability influence is a predictor of idea generation,
along with the degree of unmet needs. Disability duration, in turn, had no
significant impact. Looking more closely at their idea quality, only unmet needs
were identified as being significantly associated with idea quality.
Within chapter 7 we turned our attention to solution development. Recall that
when exploring the potential impact of persons with disabilities as a source of
innovation, we are interested in finding out which persons are developing
solutions of high general value. Looking at the top quartile of solutions, our
results showed that both unmet needs increase the likelihood of high general
value solution development, while the influence of the disability, in turn, decrease
this likelihood. The impact of unmet needs supports existing research in this
domain. However, the negative impact of disability influence is a novel result. It
suggests that as the disability impact increases, so do the niche nature of unmet
needs with a corresponding decrease in how the generally valuable a solution
might be.
Chapter 7 also looked at solution diffusion finding that solution novelty does not
predict solution diffusion but that solution general value is negatively associated
with diffusion. This result is possibly explained given that diffusion is limited to
peers via social media. Additionally, persons may themselves not value their own
solutions highly for others, or are unable to judge its novelty. Solutions that
appear generally valuable to our consumer judges might thus not be viewed as
worth sharing to other peers with disabilities by the creators themselves. In
contrast, solutions with a high quality of life impact were more likely to be
diffused. Again, given that diffusion occurs most prominently through peers,
this result would make sense.
9.1.5 User involvement
For our final study, we turned to the impact of involving a person with disabilities
- framed as lead user - on solution outcomes.




H1a: Physical stress is positively associated with idea generation likelihood Not supported
H1b: Use experience is positively associated with idea generation likelihood Not supported
H1c: Dissatisfaction is positively associated with idea generation likelihood Supported
H2a: Physical stress is positively associated with solution development likelihood Not supported
H2b: Use experience is positively associated with solution development likelihood Supported
H2c: Dissatisfaction is positively associated with solution development likelihood Not supported
Chapter 5 hypothesis
H1a: Disability is positively associated with solution development likelihood Supported
H1b: Unmet needs are positively associated with solution development likelihood Supported
H1c: Disability is positively associated with solution user value Supported
H2a: Disability is positively associated with solution originality Supported
H2b: Disability is positively associated with solution general value Not supported
H2c: Unmet needs positively associated with ideas of higher quality Supported
Chapter 6 hypothesis
H1a: Disability duration positively associated with idea generation likelihood Not supported
H1b: Disability influence positively associated with idea generation likelihood Supported
H1c: Unmet needs positively associated with idea generation likelihood Supported
H2a: Disability duration positively associated with ideas of higher quality Not supported
H2b: Disability influence positively associated with ideas of higher quality Not supported
H2c: Unmet needs positively associated with ideas of higher quality Supported
Chapter 7 hypothesis
H1a: Solution sharing is positively associated with solution novelty Supported
H1b: Solution sharing is positively associated with solutions of high general value Supported
H1c: Solution sharing is positively associated with quality of life impact of solu-
tions.
Supported
H2a: High general value solutions are positively associated with disability dura-
tion.
Not supported
H2b: High general value solutions are positively associated with disability influ-
ence.
Supported
H2c: High general value solutions are positively associated with unmet needs. Supported
Chapter 8 hypothesis
H1a: Designers with access to a lead user consultant will have results that score
higher in user value
Not supported
H1b: Designers with access to a lead user consultant will have results that score
higher in originality
Not supported




Summary of all explored hypothesis
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Our results in chapter 8 shows that no significant differences could be found.
This failure points to the difficulty associated with leveraging the innovation
potential of persons with disabilities, beyond attempts to gather their ideas and
developed solutions. There are several issues that might have resulted in our
failure to find any significant effects.
First, there could be a lack of ownership experienced by our selected lead user.
While having domain knowledge within the selected assignment (time tracking
in an industrial manufacturing context), solving the specific problem at hand
does not appeal to any unmet needs. Secondly, we measured outcomes over the
entire week of the project. As a result, our study was unable to capture any
interactions that teams might have had beyond their lead user consultation,
making it harder to find any specific effects.
9.2 Discussion
The main theoretical contribution of this work was the exploration of an
under-studied cohort of people with a potential for user-driven innovation. We
did so by illustrating how persons with and without disabilities differ with respect
to their rate of solution development and quality of developed solutions.
Most significantly, chapter 5 illustrates that within a cohort of people with
disabilities there is a higher share of individuals engaged in some sort of activity
to develop new product solutions. This share is significantly higher than within a
cohort of people without disabilities. By extension, this proposes that the
likelihood of finding an individual that meets the lead user criteria will be higher
among persons with disabilities. Our results also show that the solutions - in our
sample - were both more original and of higher user value when compared to
those from persons without disabilities.
In addition to this, we also explored disability-related proxy indicators that could
subsequently be associated with innovative user behaviour, both for idea
generation and solution development. Like previous studies, we strengthen the
notion of unmet needs as a significant indicator of innovative behaviour.
We additionally find that the disability burden, while increasing the chance that
someone has an idea, is negatively associated with high general value solution
development. Of additional interest, we found no effects for disability duration.
While we included it as a control variable, we also find that among persons with
disabilities, those with higher educations are additionally more likely to develop
solutions, generate ideas and generate high scoring ideas.
While these results are most prominently related to persons with disabilities, our
results are of additional broader theoretical interest. Recall that we presented
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unmet needs as a strong argument for proposing people with disabilities as a
source of innovation. In theory, disability thus acts as a proxy for unmet needs.
We find evidence for this most prominently in chapter 5, where we illustrated that
significant difference between levels of unmet needs between persons with and
without disabilities (figure 5.3).
In this, we thus find parallels with streams of research focused on frugal
innovation, where low-income markets (typically also experiencing many unmet
needs) are taking a lead role in (healthcare) innovation (Hammond et al., 2007;
Judge, Hölttä-Otto, and Winter, 2015; Ramdorai and Herstatt, 2015; Tiwari and
Herstatt, 2012). Viewed from this perspective, our results more broadly suggests
that cohorts, where large and significant degrees of unmet needs can be found,
presents a valuable population within which user-driven innovation research
might be conducted.
Of special additional interest is the softening of the effect of self-reporting and its
related bias. Additionally, populations more likely to meet a lead user
characteristic (either by proxy or directly) present a valuable opportunity within
which to employ currently prevalent tools for lead user identification, namely
pyramiding, netnography, or screening, but with increased efficacy.
This argument proposed on The Handicapped Majority (as cited in Williamson,
2012) suggests that by introducing artificial restrictions such as blindfolds or
limiting the use of one limb, average users can behave like lead users. This idea
is most notably presented as the emphatic lead user strategy (Judge, Hölttä-Otto,
and Winter, 2015; Lin and Seepersad, 2007; Vaughan, Seepersad, and Crawford,
2014). As presented by Judge, Hölttä-Otto, and Winter (2015), Lin and Seepersad
(2007), and Vaughan, Seepersad, and Crawford (2014), the role of empathic lead
user is taken mostly by (design) engineering students in an effort to understand
latent customer needs through extraordinary experiences.
Viewed from the perspective of persons with disabilities as lead users, it would
thus also be feasible to propose that such artificial restrictions, when applied for a
sufficiently long time, would indeed result in people that meet the lead user
criteria. The question remains whether such restrictions would result in needs
being introduced that are ahead of trend and with corresponding high degrees of
expected benefit (von Hippel, 1986, pg.796).
Finally, we reflect on how these results compare with other studies in this
domain. Broadly, we can distinguish between a wide variety of previous studies
that have sought to find proxy characteristics for lead users. Several of these
works, available in table D.1 highlight a host of attributes also found within lead
users. These include opinion leadership (Belz and Baumbach, 2010), openness
to new technology (Lettl, Herstatt, and Gemuenden, 2006) or individual
creativity (Faullant, Schwarz, Krajger, and Breitenecker, 2012), among others.
Our results contribute to this by proposing a cohort of users within which lead
users are more likely found.
199 9. CONCLUSION
More specifically, we are not aware of any quantitative studies where a direct
comparison between persons with and without disabilities has been done with
respect to their likelihood of idea generation or solution development. To this
end, it is hard to compare our results. Moreover, slight changes in method (i.e.:
methods used to assess solution quality) also precludes any conclusions about
how our results compare with other domains.
Our focus in this work was not explicitly on inclusive design. But, having
delineated some of the differences between lead user driven innovation (i.e.: user
as the source of innovation) and inclusive design, our results do emphasise that a
’disability-first’ approach that aligns well with inclusive design paradigms can
lead to valuable results, as opposed to only attempting to modify products
afterwards to meet the needs of persons with disabilities. We take a broad view on
how this can be interpreted, ranging from first considering the needs of people
with disabilities, as was described in chapter 4, to focusing on developed
solutions, as detailed in chapter 7.
9.3 A Practical Reflection
While we’ve already discussed several aspects of user involvement in chapter 1, it
is helpful to reflect on the practicalities of finding and involving lead users,
incorporating the results obtained through our research and building on the
proposed approach for lead user integration in the development process by
Urban and von Hippel (1988, pg. 579). Based on our analysis in chapter 5, 6 and
7, and experiences gathered by Conradie, Mioch, and Saldien (2014a) and
Conradie, De Marez, and Saldien (2015) we reflect on our results from a practical
point of view, which might serve as guidance for involving persons with
disabilities as lead users.
9.3.1 Antecedents and indicators
Most prominently, higher educated persons with a disability (ranging between
physical or sensory disabilities such as being in a wheelchair, being deaf or blind,
but excluding any mental disabilities) should be included in efforts to find
innovative users with respect to solution development. The disability duration is
not a significant factor to consider. Beyond this, unmet needs should also be
considered, while those within this cohort with a low degree of disability
influence (i.e.: the impact of the disability on their daily life) is also positively
associated with user innovation.
For idea generation, we recommend a broadly similar approach, where persons
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Summary of our most important effects. Dashed lines indicate a negative association. Dis-
ability duration found to have no significant impact on any measured outcome variables
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contribute to idea generation and more likely to produce ideas of higher quality.
In contrast with solutions, disability influence has a positive association.
To summarise, for solution development, both men and women with higher
levels of education, high levels of unmet needs, low disability influence are of
interest. By contrast, for idea generation, both men and women with higher
levels of education, high levels of unmet needs and higher levels of disability
influence are of interest.
9.3.2 Involving users
An extensive discussion on the involvement of persons with disabilities is beyond
the scope of this thesis. However, given the overall topic, we find it appropriate to
offer a brief reflection of our own efforts and including some experiences
reported by others. We stress that these results are presented from a
predominantly industrial design perspective and as a result, efforts within other
domains might differ.
Following the recommendation of lead user involvement proposed by Urban and
von Hippel (1988), after the location of lead users, data must somehow be
gathered from them. This data could be needs, ideas or developed solutions.
While crowdsourcing initiatives will capture needs, ideas or developed solutions
in a textual form (perhaps accompanied by pictures), Urban and von Hippel
(1988) also suggests efforts such as focus groups or interviews to gain insights
from lead users. We can extend this to creative co-creation sessions.
As suggested Hendriks, Slegers, and Duysburgh (2015), the practice of
co-designing with persons with disabilities remain fairly novel. In this sense,
given the overall topic of this work, it is sensible to briefly reflect on some
practicalities when doing so. What follows is thus a brief discussion about our
own experiences (Conradie, De Marez, and Saldien, 2015), but we also draw on
insights from other authors. Like the rest of this work, we limit ourselves to
people with physical or sensory disabilities.
From a practical perspective, it is important to consider individual needs of
participants and how these needs might impact their role as design partner. Most
obviously, tools and techniques need to be adapted for persons with disabilities.
For example, visually impaired people cannot rely on visuals to communicate
ideas. Using common tools such as sticky notes, large sketch canvasses or other
visual material thus needs to be reconsidered (see Magnusson, Hedvall, and
Caltenco (2018) for an extensive discussion on co-design with visually impaired
persons).
Given this, researchers might need to focus on easily manipulatable materials, or
theatrical approaches such as bodystorming (Oulasvirta, Kurvinen, and
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Kankainen, 2003). We stress that these practical issues need to be reconsidered
for each individual case. Participants with a hearing impairment are better
involved using more written textual materials and instructions. Vermeersch, Nijs,
and Heylighen (2011), for example, presents non-visual exploration of
architectural designs on different scales to allow visually impaired persons to
explore a new building site.
By extension, the physical space must also be considered. For example, persons
in wheelchairs need barrier-free access, but might also benefit from a co-creation
environment where their mobility within the space is easily facilitated, i.e.:
switching between tables or presenting results.
A suggestion about appropriately structuring the any co-design efforts comes
from Hendriks, Slegers, and Duysburgh (2015) who proposes involving persons
from the target audience with developing the workshop. This suggestion is also
valid when using a more traditional tool such as surveys, where someone from a
particular community can be involved in reviewing the survey, examining not
only for issues related to comprehension but also the use of correct terms and
framing.
Other considerations include the appropriate use of informed consent
documents. While deaf persons might have no problem reading and signing an
agreement, problems arise when doing so when visually impaired people are
involved. Trusted third parties might solve this issue, or providing digital copies
via mail. In line with this, it should also be clear what the outcomes of a
co-design effort might be and how participants may or may not benefit directly or
indirectly. This is also stressed by Frauenberger, Good, and Keay-Bright (2011)
who emphasise the importance of ethical issues, but also the management of
expectations.
We concur with findings by Rust and Wilson (1999) who recommend that
researchers take the role of learner in the co-creation process. In relation, this
would also imply creating a space, both physically and emotionally that is
conducive for participants and empathic to their needs.
9.4 Limitations
While we have already discussed the limitations in each chapter separately, below
we will reflect broadly on some overarching important issues. First, we’ve had to
rely partly on consumer judges. As extensively noted before, doing so is not
uncommon with research of this type, nor is getting comparatively low levels of
reliability. Low levels of inter-rater reliability were especially problematic for
chapter 5. We’ve approached this limitation by repeating our analysis for each
judge separately. We come broadly to the same conclusion when viewing our
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results in aggregate. Additionally, we examined solution ranks vs absolute scores,
which again confirmed our results.
Nonetheless, as also previously noted, while consumer judges commonly used, it
is possible that different sets of judges might result different outcomes. Most
notably, in chapter 5, 6 and 7, the types of solutions and ideas were wide ranging.
It is possible that consumer judges may lack the general skill to evaluate these
results.
In addition to this, we used a mixture textual descriptions of both ideas and
solutions (chapters 5, 6, 7), while chapter 4 and 8 used more expansive images
accompanied by text. Both these ways of presenting concepts for review to
judges, whether ideas or solutions, are common in related work (i.e.: Mollick and
Nanda, 2016; Schweisfurth, 2013), with examples from crowdsourcing, as our
work relates to, more frequently relying on textual descriptions (see Poetz and
Schreier, 2012).
While we never mixed different types of concept presentations in one particular
study, it is possible that the way in which concepts were presented can have an
impact on the judges scores. This might include effects such as more thoroughly
described results scoring higher, or the availability of a physical prototype when
compared with a mere sketch.
An additional potential limitation is our sample sizes. With a sample size of 178
in chapter 6 and chapter 7 and 369 in chapter 5, our sizes for regression analysis
was adequate, matching seminal works in this domain. However, we fall short of
some very large studies, which include national surveys. To mitigate potential
analysis errors, we’ve also repeated selected studies with the removal of
controlling predictor variables. These additional analyses can be found on page
245 and suggests that our overall conclusions are valid. Chapter 8 relied on a
sample of 40 concepts, but using a Welch t-test still provides adequate power (Jan
and Shieh, 2011).
Chapter 4 and 8 also used students, as opposed to professional designers. This
presents a limitation since the students might not have been able to accurately
translate the needs of participants into solutions (chapter 4), or integrate the
consult given by our selected lead user into their evaluated concepts (chapter 8).
By contrast, relying on professional designers might have resulted in different
outcomes for both these studies.
Furthermore, there is the question of generalising the results. Broadly, this
research was exploratory and no quota sampling took place. Nonetheless, it worth
reflecting on sample selection and any biases that might have occurred. We have
recruited our participants for this study by contacting organisations for persons
with disabilities, in combination with a snowball approach and general call for
participation through social media channels and the university news portal. This
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combination for recruitment is not uncommon for studies in this domain but
nonetheless risks introducing sample bias.
Most significantly, persons already associated with organisations for people with
disabilities might already be more likely to engage in with some kind of
innovative behaviour, since there is evidence of the impact of communities on
user-driven innovation. In turn, snowballing potentially runs the risk of people
sending the survey to others whom they knew might have been actively engaged
in innovative behaviour. Additionally, there is a risk that our use of web-based
sampling also recruited persons with a higher level of technology affinity.
While chapter 4 singularly looked at teams, for the remainder of this work we
deliberately looked at individuals capability for idea generation and solution
development. While this is a very common approach within studies on lead user
driven innovation, we have neglected the impact of communities at large on
innovation, in addition to the local physical context, such as access to 3d printers
or DIY prototyping tools. Beyond this, we did not consider the impact of
teamwork on outcomes.
While we have shown that - all things being equal - a sample of persons with
disabilities are more likely to be engaged in solution development and their
solutions will in aggregate be of higher quality, these results neglect looking into
specific product subdomains, where the effects of being disabled might be more
pronounced. This would apply also for idea generation, where it is plausible to
assume that certain needs - such as remote control access to appliances,
voice-enabled interactions or even interactions using only one finger, or eye,
would be most obvious to persons with disabilities.
9.5 Future work
Our previous discussion of limitations hints at some avenues for future work.
Considering the involvement of people with disabilities more broadly, there
seems to be a significant scope for exploring a variety of personal and contextual
factors in relation to persons with disabilities generating ideas and solutions.
Having neglected the interaction between disability types and product domains,
future work could also more closely examine any possible relationships. This
could be done by more purposefully sampling solution developers and idea
generators across a spectrum of disability types.
In a similar vein, we might argue for broadening the cohort of persons with
disabilities, possibly through the use of proxies, which might include close
friends, family or caregivers of persons with disabilities. These stakeholders
might similarly meet the general preconditions of lead userness such as increased
levels of unmet needs and thus a high level of benefit for finding solutions.
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As we have alluded to in several chapters, there are some overlapping
characteristics between older people and persons with disability. Reflecting back
on the ICF of disability by the WHO, disability is contingent on certain contextual
factors. We proposed that physical stress in certain situations correspondingly
refers to a type of contextual disability. While we found no significant impact of
physical stress on innovative behaviour, a prominent avenue of research worth
exploring is the impact of an ageing society and how certain contextual
disabilities experienced by ageing people might be of value for the larger market.
Conversely, there is also the notion that persons with disabilities are currently
offering many insights into how we might meet our own future unmet needs
(Kohlbacher and Hang, 2010; Östlund, 2011). From this perspective people with
disabilities are ’living in the future’ (Bilgram, Brem, and Voigt, 2008, pg. 423),
and it is of interest to explore how their unmet needs and innovations might
appeal within an ageing society.
To this end, an interesting approach is presented by Heylighen, Schijlen, et al.
(2016) who framed persons with disabilities as specialists, available for hire by
architects in an attempt to both improve architectural design but also
employment opportunities of persons with disabilities. It is possible to imagine
similar efforts within particular product domains, with people with disabilities
acting as consultants to both, generate new products or improve existing ones.
The impact of team efforts can be of additional interest. While we were able to
judge the results of the co-creation efforts presented in chapter 4, these results
were not compared between persons with and without disabilities, nor were they
compared with solutions developed without the involvement of design students.
Our failure to find any impact of user consultation in chapter 8 additionally
suggest that there is scope for a better understanding how we might leverage the
knowledge of persons with disabilities in a new product development process,
beyond the suggestions given earlier. This might involve measuring the outcomes
of co-creation sessions, where users might be involved in different ways.
Finally, throughout this research, we have placed persons with disabilities in the
role of source of product innovation, most prominently emphasising their role as
idea generators or developers of solutions. Of additional interest is exploring
Rogers (2003) conceptualisation of innovators in the sense that people might be
early adopters of certain technologies, given that their personal needs for specific
types of interactions might be higher. Newly developed solutions in the domain
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Measures used in Chapter 5, 6, 7, 8
Question Source (if applicable) Used in chapter
Age What is your age? 5, 6, 7, 8
Gender What is your gender? Male, female,
other
5, 6, 7, 8
Occupation working, houseman / housewife,
student, jobseeker, volunteer, re-
tired, not working, other
5, 6, 7, 8
Academic status none, primary education, higher
secondary education, higher non-
university education, university ed-
ucation
5, 6, 7, 8
Physical or sensory disability Open question describing disabil-
ity
Community membership Are you a member of any associa-
tion related to your disability?
Oliveira, Zejnilovic, Canhão,
and von Hippel (2015)
5, 6, 7
Unmet needs I frequently have needs which are
not covered by the products cur-
rently offered on the market. (1 =




Solution Have you ever MADE or MODI-
FIED something for yourself? A
product, or thing that helped you
with a limitation or problem?
5, 7
Solution description Can you describe your MODIFIED
or MADE product
5, 7
Idea Have you ever had an IDEA tomod-
ify something for yourself? Or an
idea for a product, a thing that can
help youwith a limitation or a prob-
lem? This only concerns ideas for
products or modifications that you
have not yet made.
6
Question Source (if applicable) Used in chapter
Idea description If you previously had an idea, can





Personal value This innovation would be of value
to other people (1 = to none, 2 = to
few, 3 = to many, 4 = to (nearly) all)
de Jong et al. (2015) 5, 7
Commercial value I think this innovation can become
a valuable commercial product (1 =
not, 2 = to a small market, 3 = to
a reasonable market, 4 = to a sub-
stantial market).
de Jong et al. (2015) 5, 7






5, 6, 7, 8






5, 6, 7, 8







Technology Readiness Liljander, Gillberg, Gum-





Technology gives people more con-
trol over their daily lives
Technology gives you more free-
dom of mobility
Products and services that use
the newest technologies are much
more convenient to use
Innovativeness
Other people come to you for advice
on new technologies
In general, you are among the first
in your circle of friends to acquire
new technology when it appears
You can usually figure out new
high-tech products and services
without help from others
Discomfort
Technical support lines are not
helpful because they don’t explain
things in terms that you under-
stand
When you get technical support
from a provider of a high-tech prod-
uct or service, you sometimes feel
as if you are being taken advantage
of by someone who knows more
than you do
It is embarrassing when you have
trouble with a high-tech gadget
while people are watching
Insecurity
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Question Source (if applicable) Used in chapter
You do not feel confident doing
business with a place that can only
be reached online
You do not consider it safe giving
out a credit card number over a
computer
Any business transaction you do
electronically should be confirmed
later with something in writing
Measures used in Chapter 3
Satisfaction
It’s easy to keep in my e-bike balance during when (disagree, tend to disagree, tend to agree, agree), αc=0.78
loading my e-bike
standing still with my e-bike between my legs
pushing my e-bike
paddling with my e-bike
cycling with my e-bike
manoeuvring backwards with my e-bike
Your current e-bike is sufficiently manoeuvrable when (disagree, tend to disagree, tend to agree, agree), αc=0.72
pushing my e-bike
paddling with my e-bike
cycling with my e-bike
manoeuvring backwards with my e-bike
My e-bike suitable performs when cycling when (disagree, tend to disagree, tend to agree, agree), αc=0.87
Onto and off sidewalks
Circumventing posts






Cycling on a slippery road
Cycling through rain
Cycling through snow
Cycling through heavy wind
Cycling without battery
The following parts of my e-bike are (bad, relatively bad, relatively good, good), α=0.89
quality of the brakes
wear of the brakes
grip of the tires
wear of the tires
usability of the stand
usability of the stand when unloaded
wear of the stand
quality of the seat
quality of the saddle
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quality of the handlebar
quality of the lights
quality of the acceleration
usability of electrical controls
power of the electrical support
capacity of the battery
wear of the battery
placing and removing the battery
charging the battery
accessibility of the postbags in the front
accessibility of the postbags in the back
Measure of benefit: physical stress













Use Experience – Years on e-bike
How many years have you been using the e-bike?
Ideas for improvement
Do you have any ideas to improve the balance of your e-bike?
Do you have any ideas to improve the manoeuvrability of your e-bike?
Do you have any ideas to improve the e-bike to better perform certain tasks?
Do you have any ideas for improved functionality of the e-bike?
Do you have any ideas for improving any parts of the e-bike?
Do you have any ideas to improve the electrical support of the e-bike?
Do you have any other general ideas to improve the e-bike?
Realized Ideas
Have you ever made any modification to your e-bike (yes/no)
Can you describe your modification?






Gender1 8.64 0.15 0.13
Age -0.09 -0.04 0.66
Academic Degree2 0.03 0.00 1
Independent Variable
Disability 22.7 0.39 <0.01***





Residual Std. Error 26.31 (df = 93)
F Statistic 4.75*** (df = 5; 93)
Notes:
*p**p***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table B.1





Disability Duration 0.02 0.13 0.23
Disability Influence -0.17 -0.105 0.38









Reduced model with only three predictors for our linear regression model on idea quality,
from chapter 6
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Dependent variable:
high general value solutions
B exp(B) p
Independent Variables
Disability Duration -0.01 0.99 0.64
Disability Influence -0.5 0.61 0.04**










Reduced model with only three predictors for our binary regression on high general value
solutions, from chapter 7
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Likelihood of solution development for filtered sample
Model 1a Model 1b Model 1c
B exp(B) p B exp(B) p B exp(B) p
Control Variables
Gender 0.26 1.29 0.32 0.23 1.26 0.38
Age 0.005 1 0.58 -0.01 0.99 0.34
Academic Degree 0.43 1.54 0.1 0.48 1.61 0.08*
Independent Variables
Disability 0.74 2.11 0.01**
Unmet needs 0.21 1.23 <0.01***
Constant -1.1 <0.01*** -1.64 0.19 <0.01*** -2.47 0.08 <0.01***
Observations 344 344 344
Nagelkerke R2 0.02 0.10
-2 Log Likelihood 386.89 382.38 364.05
Akaike Inf. Crit. 388.89 390.38 376.05
Model signficance 0.21 <0.01***
*p<0.1; **p<0.05; ***p<0.01
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table B.5

















Solution User Value Solution Originality Solution General Value
Model Model Model
B β p B β p B β p
Control Variables
Gender1 0.21 0.15 0.12 0.22 0.13 0.24 0.15 0.16 0.16
Age 0.00 0.02 0.82 -0.01 -0.12 0.30 0.01 0.16 0.17
Academic Degree2 -0.06 -0.04 0.65 -0.20 -0.11 0.30 -0.01 -0.01 0.97
Independent Variables
Disability 0.76 0.54 <0.01*** 0.51 0.29 0.02** 0.15 0.15 0.19
Unmet needs 0.02 0.04 0.71 0.05 0.10 0.40 0.03 0.12 0.31
Constant 2.81 <0.01*** 2.27 <0.01*** 1.86 <0.01***
Observations 86 86 86
R2 0.34 0.13 0.12
Adjusted R2 0.29 0.08 0.07
Residual Std. Error (df = 80) 0.56 0.8 0.44
F Statistic (df = 5; 80) 8.06*** 2.49** 2.22*
Notes
*p<0.1; **p<0.05; ***p<0.01
1: Male as reference category
2: No academic degree as reference category
Table B.7




































































I think this innovation can 
become a valuable commercial product (to)
Figure C.1
Histogram from chapter 4, with the three judges most in agreement
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Appendix D
Additional Tables
Attribute and Source Product Domain
User investment
Olson and Bakke (2001) IT Applications
Urban and von Hippel (1988) Computer Aided Design
von Hippel (1986) High technology industries (general)
User dissatisfaction
Belz and Baumbach (2010) Consumer Foods
Duverger (2012b) Service Industry: Hotel, Fast-food, Online Music Down-
load
Franke and Shah (2003) Sailplaning, Canyoning, Boardercrossing and Handi-
capped Cycling
Lüthje (2004) Outdoor Consumer Goods
Morrison, Roberts, and von Hippel (2000) Online Public Access Catalogs (OPACs)
Olson and Bakke (2001) IT Applications
Schuhmacher and Kuester (2012) Sports (soccer) Related Online Services
Urban and von Hippel (1988) Computer Aided Design
Speed of adoption
Franke and Shah (2003) Sailplaning, Canyoning, Boardercrossing and Handi-
capped Cycling
Lüthje (2004) Outdoor Consumer Goods
Olson and Bakke (2001) IT Applications
Schreier, Oberhauser, and Prügl (2007) Kite Surfers Technical Divers
Schreier and Prügl (2008) Sailplaners, Technical Divers, Kite Surfers
Urban and von Hippel (1988) Computer Aided Design
Use experience
Belz and Baumbach (2010) Consumer Foods
Faullant, Schwarz, Krajger, and Breitenecker (2012) Consumer Electronics (small Kitchen Appliances)
Franke and Shah (2003) Sailplaning, Canyoning, Boardercrossing and Handi-
capped Cycling
Lüthje (2004) Outdoor Consumer Goods
Lüthje, Herstatt, and von Hippel (2005) Mountain Biking
Schreier and Prügl (2008) Sailplaners, Technical Divers, Kite Surfers
Schuhmacher and Kuester (2012) Sports (soccer) Related Online Services
Total time of use
Attribute and Source Product Domain
Franke and Shah (2003) Sailplaning, Canyoning, Boardercrossing and Handi-
capped Cycling
Lüthje (2004) Outdoor Consumer Goods
Lüthje, Herstatt, and von Hippel (2005) Mountain Biking
Schreier and Prügl (2008) Sailplaners, Technical Divers, Kite Surfers
Frequency of use
Franke and Shah (2003) Sailplaning, Canyoning, Boardercrossing and Handi-
capped Cycling
Franke, von Hippel, and Schreier (2006) Kite Surfing
Jeppesen and Frederiksen (2006) Music Equipment
Schreier and Prügl (2008) Sailplaners, Technical Divers, Kite Surfers
Product related knowledge
Belz and Baumbach (2010) Consumer Foods
Faullant, Schwarz, Krajger, and Breitenecker (2012) Consumer Electronics (small kitchen appliances)
Füller, Jawecki, and Mühlbacher (2007) Sports (basketball) Online Community
Jeppesen and Molin (2003) Computer Games
Lüthje (2004) Outdoor Consumer Goods
Lüthje, Herstatt, and von Hippel (2005) Mountain Biking
Marchi, Giachetti, and de Gennaro (2011) Motorcycles
Schreier and Prügl (2008) Sailplaners, Technical Divers, Kite Surfers
Lüthje (2004) Outdoor Consumer Goods
Extreme product needs or contexts
Lilien et al. (2002) 3M (various industrial products)
Lüthje, Herstatt, and von Hippel (2005) Mountain Biking
Olson and Bakke (2001) IT Applications
Opinion leadership
Belz and Baumbach (2010) Consumer Foods
Franke and Shah (2003) Sailplaning, Canyoning, Boardercrossing and Handi-
capped Cycling
Schreier, Oberhauser, and Prügl (2007) Kite Surfers Technical Divers
Schreier and Prügl (2008) Sailplaners, Technical Divers, Kite Surfers
Urban and von Hippel (1988) Computer Aided Design
Openness to new technology
Lettl, Herstatt, and Gemuenden (2006) Medical Equipment Technology
Schreier, Oberhauser, and Prügl (2007) Kite Surfers Technical Divers
Early product adoption
Belz and Baumbach (2010) Consumer Foods
Schuhmacher and Kuester (2012) Sports (soccer), Related Online Services
Technical knowledge
Franke, von Hippel, and Schreier (2006) Kite Surfing
Lettl, Herstatt, and Gemuenden (2006) Medical Equipment Technology
Lüthje (2004) Outdoor Consumer Goods
Willingness to collaborate
Marchi, Giachetti, and de Gennaro (2011) Motorcycles
Individual creativity
Faullant, Schwarz, Krajger, and Breitenecker (2012) Consumer Electronics (small kitchen appliances)
Table D.1
Original lead user dimensions and associated antecedents
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The Seven Principles of Universal Design
Principle 1: Equitable Use
The design is useful and marketable to people with diverse abilities.
Guidelines:
1a. Provide the same means of use for all users: identical whenever possible; equivalent when not.
1b. Avoid segregating or stigmatising any users.
1c. Provisions for privacy, security, and safety should be equally available to all users.
1d. Make the design appealing to all users.
Principle 2: Flexibility in Use
The design accommodates a wide range of individual preferences and abilities.
Guidelines:
2a. Provide choice in methods of use.
2b. Accommodate right- or left-handed access and use.
2c. Facilitate the user’s accuracy and precision.
2d. Provide adaptability to the user’s pace.
Principle 3: Simple and Intuitive Use
Use of the design is easy to understand, regardless of the user’s experience, knowledge, language skills, or current
concentration level.
Guidelines:
3a. Eliminate unnecessary complexity.
3b. Be consistent with user expectations and intuition.
3c. Accommodate a wide range of literacy and language skills.
3d. Arrange information consistent with its importance.
3e. Provide effective prompting and feedback during and after task completion.
Principle 4: Perceptible Information
The design communicates necessary information effectively to the user, regardless of ambient conditions or the
user’s sensory abilities.
Guidelines:
4a. Use different modes (pictorial, verbal, tactile) for redundant presentation of essential information.
4b. Provide adequate contrast between essential information and its surroundings.
4c. Maximize ”legibility” of essential information.
4d. Differentiate elements in ways that can be described (i.e., make it easy to give instructions or directions).
4e. Provide compatibility with a variety of techniques or devices used by people with sensory limitations.
Principle 5: Tolerance for Error
The design minimizes hazards and the adverse consequences of accidental or unintended actions.
Guidelines:
5a. Arrange elements to minimize hazards and errors: most used elements, most accessible; hazardous elements
eliminated, isolated, or shielded.
5b. Provide warnings of hazards and errors.
5c. Provide fail safe features.
5d. Discourage unconscious action in tasks that require vigilance.
Principle 6: Low Physical Effort
The design can be used efficiently and comfortably and with a minimum of fatigue.
Guidelines:
6a. Allow user to maintain a neutral body position.
6b. Use reasonable operating forces.
6c. Minimize repetitive actions.
6d. Minimize sustained physical effort.
Principle 7: Size and Space for Approach and Use
Appropriate size and space is provided for approach, reach, manipulation, and use regardless of user’s body size,
posture, or mobility.
Guidelines:
7a. Provide a clear line of sight to important elements for any seated or standing user.
7b. Make reach to all components comfortable for any seated or standing user.
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The Seven Principles of Universal Design
7c. Accommodate variations in hand and grip size.
7d. Provide adequate space for the use of assistive devices or personal assistance.
Table D.2
The Seven Principles of Universal Design (National Disability Authority, 2017)
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